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Abstract 
To manage climate change, primary industry stakeholders require, and hence 
increasingly request, information about the likely future climate of their region. When 
providing future climate information, researchers have tended to assume which 
characteristics of the climate information are most useful to Users in the primary 
industries in assisting short- and long-term decision-making for climate change 
adaptation. Further, there is an implicit assumption that more detailed, more complex 
information is more useful for decision making – despite mounting evidence in the 
literature that this is not necessarily the case. This has created a disconnect between the 
supply of, and demand for, particular types of future climate information. This research 
uses viticulture as a case study of a primary industry sector that is sensitive to climatic 
variability and climate change to explore this disconnect. It compares Users’ and 
Providers’ perspectives on Users’ future climate information needs for climate change 
adaptation decision making, as well as their perspectives on whether those needs are 
being met. Mixed methods are applied to examine the characteristics of future climate 
information, including the spatial and temporal scales, which are most useful to Users in 
viticulture for decision making regarding climate change adaptation.  
 
Viticulture User participants from across Australia require different types and 
complexities of information depending on the application and whether the decision they 
are making is for the short- or long-term. For long-term decisions (greater than one year 
in the future), lower resolution (coarser detail) is considered acceptable; Users prefer to 
receive future climate information presented in the form of homoclimes or climate 
analogues; and for that information to be averaged over areas the size of growing 
regions. Climate information is wanted over time periods that are a maximum of five to 
twenty years into the future. For short-term decisions (less than one year in the future), 
these Users want higher resolution (finer detail) climate information, averaged over 1-
10 km grids, up to one year in the future because of the short-term focus.  
 
Users’ and Providers’ perspectives were compared as to whether or not they felt 
that co-production of information between Providers and Users was occurring in their 
region and/or sector. This research suggests that the rhetoric of co-production does not 
yet match the on-ground reality. Concerted effort is required by both Providers and 
Users to overcome the barriers to better engage and co-produce information by better 
v 
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understanding the challenges each faces. This process could be overseen by boundary 
organisations which could use “boundary chains” to meet User needs while sharing and 
therefore minimising the costs amongst multiple organisations. Secure and on-going 
government funding (which could be channelled through boundary organisations) and, 
changes to the requirements to receive project funding, would provide necessary support 
and impetus to this process.  
 
This research will help bridge the gap between the future climate information 
that Users receive from Providers and inform the types and scales of future climate 
information that Users in the viticulture sector consider useful in supporting effective 
action to adapt to climate change. The findings of this research are expected to have 
application beyond the particular case study sector. 
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Glossary and Terms 
 
Climate analogues An indication of the projected future climate of a region that 
compares the future climate to current climates in other regions. 
CLIMLIST A mailing list for people working in climatology and related 
fields. 
Co-production The iterative act of creating information by Providers and Users 
working together. 
Homoclimes Regions that exhibit similar climatic characteristics. See also 
Climate analogues. 
NVivo A software package used for analysis of qualitative data. 
Projections Data about specific climatic variables, determined through use of 
climate models, be they global climate models or regional climate 
models, over particular regions of the globe. 
Provider A person who delivers climate information to Users. 
Scenarios An idea of the likely changes to temperature, rainfall and other 
climate variables over a particular area for a time period in the 
future, for different possible futures, depending on the emissions 
path followed and other input variables. 
TAFE A vocational education and training provider in the state of New 
South Wales, Australia. 
User A person who uses climate information in an on-ground setting. 
This includes users in different sectors. For the viticulture sector, 
it includes: viticulturists, vineyard managers, vineyard owners, 
winemakers, industry personnel and others.  
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Chapter 1: Introduction 
 
1.1  The disconnect between the demand for and 
supply of future climate information 
 
The effects of climate change are already being observed in many and varied 
regions and sectors worldwide (IPCC, 2013). The impacts in the primary industries are 
already being experienced by stakeholders in horticulture and other sectors. Primary 
industry stakeholders – such as farmers, local and federal governments and large 
corporations – are considering, and in many cases acting on, their adaptation options to 
effectively manage expected future climatic conditions (Buys et al., 2012; Loechel et 
al., 2013; Wheeler et al., 2013; Elgin-Stuczynski and Batterbury, 2014). Sectors with 
medium- to long-term planning horizons, such as horticulture and forestry, are the most 
likely to be severely affected by a lack of planning for climate change adaptation. 
Viticulture is one example of a horticultural sector that, along with other primary 
industries, is sensitive to climatic variability and climate change, and like other primary 
industries has exhibited capacity to cope with climate variability. However, to manage 
climate change these primary industry stakeholders require, and hence increasingly 
request, information about the likely future climate of their region (Daly, 2006). The 
demand for this information has helped to drive the push for reliable future climate 
information, delivered in the form of regional to local scale climate change scenarios 
(Charles et al., 1999).  
 
When providing future climate information, researchers have tended to assume 
which characteristics of the climate information are most useful to Users in the primary 
industries in assisting short- and long-term decision-making for climate change 
adaptation. Further, there is an implicit assumption that more detailed, more complex 
future climate information is more useful for decision making – despite mounting 
evidence in the literature that this is not necessarily the case (Sarewitz et al., 2000; 
Griggs and Kestin, 2011). This climate-centred, rather than decision-centred, view has 
created a disconnect between the supply of, and demand for, particular types of future 
climate information (Howden et al., 2013). This study begins to explore this disconnect 
by comparing Users’ and Providers’ perspectives on Users’ future climate information 
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needs for climate change adaptation decision making, as well as their perspectives on 
whether those needs are being met. It applies a decision-centred framework. Here, the 
term “Users” refers to Users of future climate information in viticulture in Australia, 
who are viticulturists, wine-makers or industry representatives. The term “Providers” 
refers to people who provide future climate information to Users, both within the 
viticultural sector and within other sectors. The Providers either produce future climate 
information (that is, they work with climate models themselves) and/or transform that 
information into other forms (for example, feeding it into an agricultural model or 
creating scenarios for water planning); they also provide climate information to Users 
within the primary industries or within other sectors. 
Climate change poses new challenges to the viticulture sector, and these 
challenges are explored here through the following hypotheses: 
 That providers’ ability to produce usable information for users is limited by the 
available science.  
 For long-term decision making, less detailed future climate information which is 
robust to the presence of uncertainties may be acceptable for Users in viticulture in 
Australia.  
 That this information needs to be contextualised to the decision being made. 
 There is a lack of information available at appropriate timeframes and spatial 
scales for the decision-making needs of this user group. Information provided is 
not meeting the timeframes dominating viticultural decision-making (refer to new 
table of viticultural decision calendar). 
 The reality of usability “on the ground” is somewhat in the middle. 
. 
 
1.2  The original contribution of this research 
 
This research will compare Users’ and Providers’ perspectives as to Users’ future 
climate information needs for short- and long-term climate change adaptation decision 
making. From the User perspective, it focuses on a case study of viticulture (specifically 
wine grapes – Vitis vinifera) in Australia, to address User needs in terms of long-term 
future climate information, and in what form this information can best be delivered to 
assist decision making. This research will help to further the process of ensuring that 
robust decisions are made with respect to the adaptation of primary industry sectors to 
climate change.  
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Some research has been done which considers which climatic variables are useful 
for the decision making of particular User groups over shorter timeframes (e.g. Letson 
et al., 2001; Goddard et al., 2010; Takle et al., 2013). However, the characteristics of 
long-term future climate information which are considered useful by on-ground Users 
in assisting their climate change adaptation decision making have been assumed rather 
than researched. This has led to a potential disconnect between information created by 
the climate modelling community and the information needed by potential Users of the 
future climate information (Dow and Carbone, 2007; Lemos and Rood, 2010; Lemos et 
al., 2012; Kiem and Austin, 2013). It is important to assess what Users need because 
considerable money, time and effort is invested in developing various models and 
model outputs without a consistent means of evaluating the usefulness of these 
advances for decision making outcomes. Additionally, there could be inefficient 
allocation of time and effort of the User groups if the information is not well targeted 
and delivered.  Lack of alignment from the outset with the needs of on-ground decision 
makers can also lead to large investment in projects that do not produce public value 
(Meyer, 2011). The idea of ‘more knowledge being better’ may not be an appropriate 
standpoint in terms of “achieving broader public values” (Meyer, 2011; for an 
explanation of “public values”, please refer to Bozeman, 2007, page 13). This research 
holds the potential to help overcome the disconnect between the future climate 
information produced by the scientific community and the information needed by 
decision makers in viticulture in Australia dealing with a variable and changing climate.  
 
1.3  Key research questions  
 
The key research questions to be addressed are: 
 
1. What kind/s of future climate information, and how much information, is needed 
to inform both the planning for, and processes of, decision making for 
adaptation in the wine grape sector?  
2. What is the relationship between the complexity of climate change information 
and the usefulness of that information for decision making for Users in this 
sector? (i.e. is there a trade-off between complexity and utility of the climate 
information?) 
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3. What evidence is there that the Providers of climate information are aware of, 
and able to provide, the future climate information that Users need to inform 
their decision making? 
4. How prevalent is co-production of information with Users? Is it the ‘norm’? 
 
 
 
Sub-questions are: 
  
5. At what spatial and temporal scales will future climate information be needed by 
Users; and are certain spatial and temporal scales more useful than others? 
6. Is information at the spatial and temporal scales that Users need currently being 
adequately produced and disseminated? 
7. Does the type of information or the complexity of the required information 
change between short- and long-term decisions within the sector? 
8. What are the barriers to Providers better engaging with their Users, and how 
might those barriers be overcome? 
 
Key research questions 4 and 8 were added during the research process, in 
accordance with the Adaptive Theory approach taken (Layder, 1998). This process is 
explained in more detail in Chapter 3, section 3.7. 
 
1.4  Thesis structure 
 
This thesis is presented in nine chapters, including this Introduction. The second 
chapter is a literature review of the relevant material. The third chapter presents the 
methodology and methods employed. Four stages of the research results are presented 
in chapters four, five, six and seven, as detailed below (Figure 1.1).   
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Figure 1.1. A visual representation of the four stages of this methodological approach, showing the 
chapters that present the results of each stage. 
 
Chapter four, entitled Demographics and attitudes towards future climate 
information and climate change, presents some of the demographic information about 
the User survey participants, as well as the results from the viticulture survey that relate 
to these Users’ attitudes towards climate change and future climate information. The 
objective of this chapter is to provide context for the results about User needs in 
viticulture presented in later chapters. 
 
Chapter five, entitled Results – User perspectives from a viticulture case study, 
presents the results from the interviews and survey conducted in the viticulture sector. 
The focus is the Users’ perspective on types of future climate information that are useful 
to their decision making. The chapter has the following objectives: 
1. To better understand what future climate information is useful and what 
characteristics make it more or less useful for representatives of the wine grape 
sector in making decisions with respect to climate change adaptation. 
2. To explore the relationship between the complexity of climate change 
information and the usefulness of that information. 
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These issues are explored using mixed research methods. In-depth, semi-
structured interviews with a sample of viticulturists, wine-makers and industry 
representatives in the Canberra District were analysed according to the above 
objectives. The insights from these interviews were then used to develop a survey to 
clarify the results and to quantify whether the findings were valid across other wine 
grape regions in Australia. The intent of this approach was to gain an understanding of 
what specific types of future climate information are useful for decision making by 
Users in the wine grape sector. Particular attention was paid to information that may aid 
their decision making to do with adapting their viticultural practices to future changes in 
climate. The focus of the survey questions was on what types of information these 
decision makers consider to be useful, and the spatial and temporal scales that are most 
useful. The underlying question was whether Users perceive more complex information 
to be more valuable than less-complex information.  
 
Chapter five also presents part of the results and analysis from the further stage 
of data collection conducted to fill a gap found post-analysis in the data on User 
perspectives. This stage of data collection consisted of a follow-up survey, conducted 
with participants from the initial viticulture case study region. The objectives of the 
survey were: 
1. To identify whether these Users have been provided future climate information 
that meets their needs and whether their information needs have been discussed 
with them in the early stages of designing the project; 
2. If they have not been consulted, to explore their views on why that consultation 
has not occurred and how to overcome potential barriers; 
3. To compare the results of this research with the results of previous research 
conducted with Providers of future climate information; and  
4. To further explore whether or not a relationship exists between the spatial and 
temporal complexity of future climate information and the usefulness of that 
information. 
 
Only the results relating to objective number 4 are presented in chapter five, 
while the results relating to objectives number 1, 2 and 3 are presented in chapter seven. 
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Chapter six, entitled Results – Providers’ perspectives on the future climate information 
that their Users need for decision making, presents analysis of in-depth, semi-structured 
interviews and a survey conducted to clarify and quantify the findings from the 
interviews. The focus of the interviews and subsequent survey was on exploring the 
perspectives of Providers regarding the availability (or potential thereof), applicability 
and appropriateness of the information that Users requested. The question is often 
asked: “how well do the climate models replicate the true nature of the system?” This 
chapter instead asks: “How useful is what is being provided for particular Users’ 
decision making?” These results are presented in context of the results from the 
interviews and survey with Users in viticulture (presented in Chapter 5). The choice to 
study Providers derived from the mixed methods research carried out with Users of 
future climate information in viticulture, and the desire to explore the gap between 
supply and demand of future climate information from both User and Provider 
perspectives. The objectives of chapter six are to explore: 
1. Whether the Providers of climate information are aware of, and able to provide, 
the types and scales of future climate information that their Users need;  
2. The specific types of information that they currently provide to their Users, 
including the spatial and temporal scales at which it is provided; and 
3. Whether Providers of future climate information believe that providing 
information at a finer resolution is useful for their Users.  
 
Chapter seven, entitled Results – Comparing User and Provider perspectives on 
co-production of future climate information compares the results of the interviews and 
survey with Providers with the results of the subsequent follow-up survey with Users in 
viticulture. This chapter presents the results which compare User and Provider 
perspectives in terms of the extent to which co-production is occurring, the barriers 
affecting its success, and how those barriers might be overcome. It indicates the points 
of connection and difference between the perspectives of Users and Providers. The 
objectives of chapter seven are to explore: 
 How prevalent co-production of information with Users is; and 
 The barriers to Providers better engaging with their Users, and how those 
barriers might be overcome; 
as well as to address the questions from the follow-up viticulture survey (see description 
of Chapter 5, above) which relate to the above questions.  
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Chapter eight presents the Discussion of results from the four stages of the 
research (see Figure 1.1). It provides discussion and analysis of the key points of 
interest relating to the research questions. 
 
Chapter nine presents the Conclusions and recommendations for future 
research. It draws together the recurring concepts from throughout the dissertation to 
address the key research questions. This chapter also re-iterates the need to move 
beyond the construct of “best available” climate information towards a system which 
tailors the information produced to decision making needs; to continue and further the 
co-production of future climate information and products in situations where the end 
goal is to address User needs; and to formally recognise and reward Providers of future 
climate information for this successful co-production of information. Chapter nine 
concludes with suggestions for future research directions. 
 
1.5. Chapter summary 
 
Using the mixed methods approach described in this Introduction, this research 
will help to bridge the gap between the future climate information that is provided to 
Users (and the investment into production of that information) and the types and scales 
of future climate information that Users in the viticulture sector consider useful in 
supporting effective action to adapt to climate change.  
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Chapter 2: Literature Review 
 
This chapter presents a literature review of the material relevant to the research. 
It includes sections on: 
 The changing climate in south-eastern Australia and the need for adaptation 
 The wine grape sector in Australia 
 Current and past research on viticulture and climate change 
 Supply of future climate information – including various types and different 
spatial and temporal scales provided by the climate modelling community 
 Decision support systems (DSS) 
 Demand for future climate information – User needs and information “uptake”, 
with a focus on decision-making in agriculture 
 The decision-centred framework 
 Homoclimes (climate analogues) as a type of future climate information 
 Economic theory on valuing information 
 Usefulness of future climate information – reconciling supply and demand 
 
2.1  The changing climate in south-eastern Australia 
and the need for adaptation 
 
Warming of the global climate is now unequivocal and has been linked with a 
high probability to human activity (CSIRO and Bureau of Meteorology, 2012; IPCC, 
2013). Viticulture is one agricultural sector that is vulnerable to the expected impacts of 
climate change (Nicholas and Durham, 2012; Lereboullet et al., 2013). Climate change 
is projected to have negative effects on the viticulture sector in south eastern Australia 
(Webb et al., 2007b, 2008), due to hotter, drier conditions projected in the coming 
decades (Watterson et al., 2007; CSIRO and Bureau of Meteorology, 2012). Even if all 
emission-producing activities were ceased immediately, there would still be a certain 
amount of warming occurring in the atmosphere due to previous emissions (Matthews 
and Caldeira, 2008). This is referred to as committed warming (Matthews and Caldeira, 
2008) and it is part of the reason why adaptation to climate change is crucial. 
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Climate variability and change affect the functioning and management of all 
aspects of the biophysical environment, including agricultural systems (Williams, 2000; 
Meinke et al., 2006). The warming observed, and other associated climate changes, pose 
challenges for vulnerable agricultural systems across Australia. Viticulture is one such 
sector, being highly dependent upon, and affected by, the prevailing climatic conditions. 
The viticultural sector has always dealt with climatic variability, and has systems in 
place to manage some changes. However, unknown changes, those that are outside past 
experience, pose new challenges to the sector.  
If climate change adaptation strategies are not implemented (e.g. Hall and Jones, 
2009; Diffenbaugh et al., 2011; Lereboullet et al., 2013) many of the current wine grape 
regions are likely to decrease in area in coming decades. This is largely due to warmer 
growing seasons pushing varieties beyond their optimum maximum growing season 
temperature ranges (Jones et al., 2005; Jones and Webb, 2010; Webb et al., 2011) 
Several of the Australian wine grape growing regions grow grape varieties at the 
warmer end of the spectrum of varietal optimum temperature thresholds (the spectrum is 
shown in Figure 2.1) and hence are highly vulnerable to the warmer temperatures 
expected across most of the country due to climate change. Adaptation of these 
viticultural systems to climate change is necessary to ensure their future viability 
(Diffenbaugh et al., 2011). While many of the current regions are in decline, the 
changing climate is opening up some new options for the industry in new geographical 
regions (Park et al., 2012).  
Hayman et al. (2009) created an information kit to assist grape growers and 
winemakers in Australia to understand the potential changes that may occur in their 
region under climate change. It is a holistic view, including a stocktake; what 
information is needed and where to find it as well as an assessment of whether the 
information is accurate enough and how uncertain it is (Hayman et al., 2009). It also 
specifically includes a section on how to integrate the supplied information into the 
User’s decision-making. Its objective is to guide growers and winemakers, as 
individuals or regional groups, to potential climate change adaptation strategies through 
a step-by-step process that evaluates their regional resources as well as potential future 
changes and interactions (Hayman et al., 2009).  
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Figure 2.1. Climate‐maturity groupings based on relationships between phenological requirements 
and growing season average temperatures for high to premium quality wine production 
in the world's benchmark regions for many of the world’s most common cultivars. The 
dashed line at the end of the bars indicates that some adjustments may occur as more 
data become available, but changes of more than +/‐ 0.2‐0.5°C are highly unlikely 
(Figure from Jones, 2006, with permission). The thick unbroken red line overlaid on 
the figure at 17.1°C indicates the current average growing season temperatures for 
Canberra airport (BoM, 2014c), one of the nearest weather stations to the Canberra 
District Wine Region. The two dashed red lines overlaid on the figure indicate what 
warming of 1°C and warming of 2°C average over the growing season might mean for 
growing different varieties of grapes in this region (i.e. average growing season 
temperatures of 18.1°C and 19.1°C respectively). It is important to note that there are 
large elevation differences between viticultural sites within the region (CDWIA, 2014), 
which change the average growing season temperatures for particular sites. The red star 
shapes next to particular grape varieties indicate the main varieties currently grown in 
the region. Please note that Syrah is the grape variety used to make Shiraz. 
 
2.2 The wine grape sector in Australia 
 
The Australian wine grape industry grew rapidly over the past few decades 
(Kansil and Roberts, 2013). And of course climate is only one of the many challenges 
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faced by the industry. During the time of this study the industry has faced a number of 
non-climate-related challenges. World oversupply of wine (Australian Government, 
2013; Kansil and Roberts, 2013) created fierce competition and very low prices for 
producers. This resulted in a high volume of imported wine that could match Australian 
producers on quality but that sold for very low prices. This problem was exacerbated by 
the high Australian Dollar, which over the last decade has made imported wine 
comparatively cheaper than Australian-produced wine, and created challenges for 
selling Australian wine overseas. A further contributing factor to the difficult market 
was the post Global Financial Crisis (GFC) era, during which spend on luxury goods, 
such as wine, decreased (Australian Government, 2013; Winemakers’ Federation of 
Australia, 2014), as many people across the world had less disposable income. It is 
possible, therefore, that many more producers will leave the business – willingly or 
unwillingly – as a result of further non-climate-related challenges before they reach the 
point at which they would need to explore changing varieties to respond to the changing 
climate. However, the challenges that the industry has faced also indicate that there is a 
precedent for the industry to adapt to these challenges.   
 
Australian wine is well-known internationally. In 2013 Australia produced 1.23 
billion litres of wine (ABS, 2013) and exported 698 million litres of wine (with a value 
of $1.82 billion) (ABS, 2013). Australia has over recent years experienced a wine grape 
surplus, the effects of which are somewhat buffered by 80% of growers having 
alternative sources of income (Lockshin, 2013). Because of the low prices induced by 
the grape surplus, and the need to focus on this economic aspect of the triple bottom line 
(economic, social and environmental facets) of agribusinesses, some viticulture 
businesses have ceased production from their vines, or left the viticulture industry 
altogether. This issue has been compounded by the increasingly cheap wine that is 
being exported from the New World wine regions (Seyoum-Tegegn and Chan, 2013), 
resulting in challenging times for the Australian viticulture industry. Despite this change 
in the sector over the past several years, and a share of only 4% of total wine production 
in the world, Australia still exports the fourth largest amount of wine by volume in the 
world (Wine Australia, 2013a). It is only surpassed in export volume by Italy, France 
and Spain (Wine Australia, 2013a). The sector has recognised the need to adapt to many 
changes (Lockshin, 2013), with a focus on the market and fashionable varieties of wine 
that will sell, but an increasing sector of the viticulture community have begun to 
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consider adaptation to the expected impacts of climate change (Lereboullet et al., 2013; 
Lockshin, 2013). 
 
The wine grape growing regions in Australia are shown in Figure 2.2. Australian 
wine regions are classified into Geographical Indications (GIs), according to the 
Australian Wine and Brandy Corporation Act, 1980 (ABS, 2010). Despite the larger 
wine grape growing regions in New South Wales (Figure 2.2), South Australia contains 
the largest area of planted vines and hence produces Australia’s largest proportion of 
wine grapes (48% - producing approximately 768 000 tonnes annually). This is 
followed by New South Wales (29%), Victoria (18%), and Western Australia (4%), 
with Tasmania, the Australian Capital Territory and Queensland each producing less 
than 1% and the Northern Territory not producing wine grapes (ABS, 2012).  
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Figure 2.2. Map showing the wine regions of Australia (Wine Australia, 2013c). 
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2.3  Current and past work on viticulture and climate 
change 
 
Viticulture for wine production is strongly dependent upon climatic conditions 
because different grape varieties grow best within particular average temperature and 
rainfall ranges (Gladstones, 1992, 2004), and because the quality and quantity of wine 
grapes, and hence the value of each wine vintage, is strongly affected by the climatic 
conditions under which the grapes are grown (Gladstones, 2004; Webb et al., 2008). 
This dependency, along with the long-lived nature of the vines, makes the wine grape 
industry vulnerable to climate change (Webb et al., 2010). Because of the long-term 
investment that vines represent (Webb et al., 2010; Lereboullet et al., 2013), climate 
information over timeframes of decades and longer could be relevant to the future 
viability of the sector (Vera et al., 2010). 
Climates throughout wine-producing regions of the world, including Australia, 
have changed over the past 50 years (Jones et al., 2005; Diffenbaugh et al., 2011; Webb 
et al., 2011; Lereboullet et al., 2013). Most of this research on observed climatic 
changes in wine grape growing regions has focused primarily on shorter-term climate 
forecasts (e.g. seasonal to interannual; for example, Letson et al., 2001; Austen et al., 
2002; Broad et al., 2002; Jagtap et al., 2002; Patt and Gwata, 2002; Goddard et al., 
2010); the growing season temperature changes observed in specific wine regions (e.g. 
Jones et al., 2005); how these changes have affected and are affecting phenological 
stages of vine growth (Webb et al., 2007a, 2011; Ramos et al., 2008; Caffarra and 
Eccel, 2011; Webb et al., 2012) and how climatic changes are influencing incremental 
and transformative change in the wine grape sector (e.g. Park et al., 2012).  
Some research has been done to present future homoclimes (comparisons of 
climate in different current and future regions; also known as climate analogues). For 
example, Webb et al. (2013) presented future homoclimes of twenty-three wine grape 
growing regions worldwide (discussed in more detail in section 2.4: Homoclimes). 
Lereboullet et al. (2013) used mixed methods to analyse the exposure, sensitivity and 
adaptation to climate change of the McLaren Vale viticultural region in South Australia 
and the Roussillon viticultural region in France. They found that both regions are likely 
to face more acute impacts of climate change by 2060 and that how much these 
viticultural systems may be impacted and how well they adapt depends on the interplay 
between environmental and socio-economic factors (Lereboullet et al., 2013).  
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Drier climates tend to yield more long-lasting vines (up to and greater than 100 
years; Gladstones, 1992). However, extreme heat can also be very damaging for the 
vines, which can effectively “shut down” in temperatures greater than 35 degrees C 
(Gladstones, 1992, 2004). This is likely to become an increasing problem in viticulture 
in Australia. The most productive years of the vines are between the ages of 10 and 30 
(Gladstones, 1992). The average productive lifespan of vines is around 30 years, but the 
average lifespan may be somewhat longer (Gladstones, 1992). 
While the viticultural sector is practised at adapting to climate variability, 
climate change poses previously unforeseen and rapid changes, and thus research is 
required to assess the characteristics of climate information needed to inform strategic 
management decision-making in this high value industry. As this strategic decision-
making is influenced by the longevity of the vines, which is in turn influenced by the 
climate of the location, potentially unfavourable changes to temperature regimes in 
particular locations hold the potential to be very costly to wine grape businesses (Jones 
and Storchmann, 2001). 
 
2.4 Supply of climate change information 
 
Previous studies have been criticised for assuming which climatic variables are 
most important, because vulnerability and needs differ between Users and User groups 
(Ford et al., 2010; O’Brien et al., 2007). Determining the information necessary for 
adaptation involves engaging with Users of that information to identify factors affecting 
its usefulness (Ford et al., 2010), including the particular climatic variables of 
importance and the precision and scale over which these variables need to be provided 
for each impact application (Fowler et al., 2007). When downscaling of climatic 
variables is necessary, different downscaling methods may be appropriate for different 
applications because their skill levels in different climates, seasons and climatic 
variables may vary (Fowler et al., 2007). In addition, different downscaling methods 
contain different information and have different computation requirements, and use 
different sets of assumptions. 
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2.4.1 Scenarios and climatic variables 
Climate change scenarios, particularly at the regional scale, are the most 
commonly requested and provided type of future climate information, regardless of 
sector (Moss et al., 2010; Berkhout et al., 2013; Guido et al., 2013). These scenarios can 
be thought of as “plausible and internally consistent images of the future” (Dessai et al., 
2005), in this case the climate future. The scenarios are generally provided either from 
Global Climate Model (GCM) output, from Regional Climate Models (RCMs) or 
through downscaling the climate information from either of these (see Rummukainen, 
2010 for an explanation of this process). There are many different ways to create the 
scenarios, including incremental increases of climatic variables by plausible amounts, 
extrapolation and expert judgement, with the chosen method hopefully dependent on the 
intended use (Carter et al., 2007). 
The particular climatic variables provided in the climate change scenarios and 
the temporal and spatial scales at which they are provided influence how useful the 
climate information is for a particular sector (Dow and Carbone, 2007). Information 
specific to particular locations and sectors is often sought after (Dow and Carbone, 
2007). Problematically, a model will not always satisfactorily simulate all the specific 
climactic variables required – often one variable is not as well reproduced as the others 
(Fowler et al., 2007) – so it is important to explore which characteristics are most useful 
for Users, and to discuss with Users the potential for trade-offs and at what point utility 
would be lost. However the act of determining from Users which characteristics they 
require is not commonplace amongst Providers of climate information.  
While many studies have assessed downscaling methods in terms of one or two 
climatic variables (e.g. precipitation, temperature, and so on; see, for example, Charles 
et al., 1999; Charles et al., 2004; Schoof et al., 2007; Timbal and Jones, 2008; Chiew et 
al., 2010), the tendency is to validate downscaling models themselves rather than to 
bridge the gap between the modelling and the use thereof through sector-specific 
analysis. Some research, however, does exist which provides guidelines as to which 
model data sets of the current climate are most applicable for use in particular 
applications (see, for example, Daly, 2006). Recent work by Crimp et al. (2010) ranked 
several statistical climate models for usefulness in particular applications based on a 
number of questions or conditions. However this research does not allow the User to 
determine the spatial and temporal scales required – rather it is a ‘best fit’ approach, 
matching User needs with the best available information rather than tailoring the 
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production of the climate information to prior-specified User needs. Further, the climate 
information is often provided for current climates only, rather than the future climate 
projections that are the focus of this research.  
For shorter-term climate information, it is well established in the literature that 
Users’ needs should be driving the production of information to ensure its usefulness, 
particularly for decision-makers in agriculture (see, for example, Millner and 
Washington, 2011). In light of this, several groups have recently sought agricultural 
Users’ perspectives with an aim of improving usefulness of short-term (e.g. seasonal to 
inter-annual) future climate information (e.g. Schwarz et al., 2012; Verdon-Kidd et al., 
2012; Park et al., 2012; Mase and Prokopy, 2014). However, in general a disconnect 
still exists between the types of climate information being produced at longer timescales 
and the usefulness of that information for decision-making by on-ground Users (Letson 
et al., 2001; Dow and Carbone, 2007; O’Brien et al., 2007; Power et al., 2007; Ford et 
al., 2010; Goddard et al., 2010; Dilling and Lemos, 2011; Preston et al., 2013). Further, 
these are relatively new ideas in the context of longer-term future climate change 
information (greater than 5-10 years). Puma (2012) focuses on using a holistic approach 
for developing climate scenarios for the longer-term that meet water managers’ needs, 
and the need for an iterative process to achieve the best outcome. The spatial and 
temporal scales on offer are developed from the available model output, rather than 
delving into potentially different User needs than the scales available. 
No known study has, to date, considered the usefulness of future climate 
information for longer-term decision making in the wine grape sector in terms of the 
types of information and the spatial and temporal scales at which Users consider that 
information useful. 
While some research has been conducted in the water sector to address spatial 
scales of future climate information needed in the longer-term by water managers (e.g. 
Puma, 2012), the research is generally approached from the perspective of scientists as 
to the needs of their end Users (e.g. Maraun et al., 2010), rather than from the 
perspective of the end Users themselves. There are a few notable exceptions to this lack 
of explicit consideration of User needs in longer-term projections (greater than 5-10 
years; e.g. Gaynor et al., 2011; Whetton et al., 2012). Climate Futures Tasmania 
(Gaynor et al., 2011) worked with User groups in various broad-ranging sectors in the 
State of Tasmania to deliver information in the form of future climate scenarios that 
were significantly tailored to the Users’ needs. Whetton et al. (2012) developed 
19 
Miriam Dunn User and Provider perspectives... 19 
representational climate futures and estimated their likelihood, then used them as a 
framework within which to present more detailed regional climate information. The idea 
being that Users are then able to choose a selection (e.g. “most likely”, “high risk” and 
“least change”) of the representational climate futures for the impact on which they are 
focused, potentially reducing the effort required to understand the different likely 
scenarios (Whetton et al., 2012). Climate Model Downscaling Data for Impacts 
Research (CliMDDIR) is a service that tailors output from regional climate model 
simulations for these Users (Macadam et al., 2012). However, it is for climate change 
impacts researchers, rather than end-Users. 
While these groups have made substantial efforts to work with end Users in 
developing decision making products, the idea is still that they provide the most 
relevant information within the constraints of the downscaled climate models.  That is, 
the focus is what the climate models can produce, rather than asking the Users what 
they want and then trying to create it. The information presented was still based on 
GCM’s (without necessarily discussing the limitations of GCMs in representing key 
climate variables) and for the sorts of timescales for which GCM analysis is typically 
delivered (i.e. 2050 onwards), because the climate change signal does not emerge from 
the noise until several decades out (Howden et al., 2013) – even though there is 
emerging evaluation that this is already occurring in reality. So although people 
involved in this process may have a different view as to the effectiveness of the 
engagement process, these are still examples of a “science-push” (Dilling and Lemos, 
2011) approach. 
Although there has been a lot of research into how well particular methods and 
models reproduce specific climatic variables, this has not generally been applied to 
informing adaptation decision-making that is robust (Fowler et al., 2007). Climate 
scenarios may hold the key to enabling robust adaptation decision-making, if they are 
presented in the right context and used correctly (Bryson et al., 2010).  
Impact studies have begun to consider the usability of climate information for 
Users within various sectors, and to ask the question “Is the climate science meeting 
User needs?” (e.g. Turnpenny et al., 2004; Vogel and O’Brien, 2006; Buizer et al., 
2010; Dilling and Lemos, 2011; Guido et al., 2013; Mase and Prokopy, 2014). The 
prevalent ideas in the literature have progressed over time from the disconnect between 
producers and Users of climate information to co-production of climate information for 
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User needs. While this concept is prevalent in the literature, whether or not it is 
prevalent in practice remains to be explored.  
The term co-production has changed in meaning from early conceptualisations 
(e.g. Jasanoff, 2004; Jasanoff and Wynne, 1998; Latour, 2004) in which co-production 
was viewed at an epistemological level and signifying “the reciprocal influence” 
(Lövbrand, 2007) of science and society over each other; to more instrumental use (e.g. 
Lemos and Morehouse, 2005; McNie, 2007), in which “the concept [of co-production 
refers] to the institutionalised practices by which ‘usable science’ best is produced in 
interaction between scientists, policy-makers and the public” (Lövbrand, 2007). These 
different meanings have paved the way for a discrepancy of perceptions regarding the 
meaning of co-production and the means by which it happens. 
While the concept of co-production has most commonly been used in the 
context of the science-policy interface (e.g. Lemos and Morehouse, 2005), the concept 
is also applicable to the interaction between Providers and Users of climate information 
in the context of on-ground decision-making in the primary industries. Co-production is, 
for example, inherent in climate change adaptation literature (e.g. Lemos and 
Morehouse, 2005; Huntjens et al., 2010; Wilder et al., 2010). Indeed, co-production of 
information is increasingly developing as a theme in scientific literature regarding 
climate information that addresses User needs (Jasanoff and Wynne, 1998; Dilling, 
2007). Co-production, however, remains a complex and time-consuming process, which 
requires a different approach and mindset to the traditional ideas of production of 
science for Users (Dilling, 2007). It is a sound approach to creating information which 
meets User needs, but only one publication known to date, that of Ford et al. (2013), has 
analysed the extent to which co-production is prevalent within research projects in 
various sectors. 
  
2.4.2 Spatial and temporal scales supplied by the scientific 
community 
While there appears to be a growing demand from Users for information about 
projected climate change (Christensen et al., 2007) – particularly that which is specific 
to particular regions and/or sectors, and the changes expected to climatic variability 
(notably extremes) and climate means – the science supply-side of the information does 
not appear to be meeting this User demand (Guido et al., 2013). This disconnect has 
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resulted in the intended Users, as well as potential Users, not using the information on 
offer from the climate science community to the extent that they could (Austen et al., 
2002; Meinke et al., 2006; Giorgi et al., 2009; Lemos et al., 2012; Mase and Prokopy, 
2014).  
 
Specifically, it has been acknowledged in the literature that GCMs provide 
information about future climate at a scale that is not fine enough to be both precise and 
useful for application to adaptation within specific sectors at a regional and local scale 
(Barrow and Semenov, 1995; Fowler et al., 2007; Giorgi et al., 2009). While a scale of 
less than 5km for daily weather data is generally needed for input into agricultural 
models (Barrow and Semenov, 1995; Holman et al., 2005), GCMs provide data at the 
scale of hundreds of kilometres, while RCMs provide it at 25kms at the smallest scale 
(Rummukainen, 2010). In addition, most projections consider time frames that are 20, 
50 or 100 years into the future – that is, too far into the future to be useful for the lead 
times needed by decision makers in agriculture. Both of these issues of scale can be 
overcome to some extent by the use of various types of downscaling (Charles et al., 
1999; Rummukainen, 2010), assuming that the GCM’s can simulate the large-scale 
processes adequately. There seems to be a reasonable capacity to do this at global level 
for temperature but this capacity diminishes with finer scale. More importantly for 
many agricultural systems, the GCMs have limitations in simulating rainfall and other 
climate variables (Kirono and Kent, 2011) with an increasing possibility that they are 
underestimating the rate of change (Solomon, 2007; Solomon et al., 2009).  
 
There has been a large push by the climate modelling community to supply 
Users with further improvements in the modelling to provide more precise future 
climate model output on which to base adaptation decisions (Dessai et al., 2009). This is 
perhaps driven by the significant recent improvements in computing power and 
scientific understanding (Dessai et al., 2009). Current computing capabilities allow the 
creation of fine-scale (~1km x ~1km) climate grids (Daly, 2006). But Daly (2006) notes 
that such improvements in resolution of climate model output have led to Users 
(incorrectly by his assertion) considering that the better resolution equates to more 
realistic and accurate projections.  
There is a supply-side push for more complex information, so the majority of the 
scientific community is providing climate information or scenarios based on the latest 
available technologies (considered the “best” (Porter et al., 2012), and with a notable 
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focus on downscaling); rather than addressing the demands of the User which are 
specific to the sector and may not be best served by, or may not require the extra detail 
(and, inherently, extra uncertainty) produced by, the latest available technology.   
2.4.3 Spatial scales 
Users want information that allows for informed local responses (Bärlund and 
Carter, 2002), and they often equate this with finer-scale information, although finer-
scale information does not necessarily provide additional useful information for their 
decision process. This is especially the case if the error bars increase as the scale 
decreases – as seems to be the case in dealing with GCM results (Giorgi, 2005). An 
example is found in precipitation modelling. Precipitation is one of the climatic 
variables most influencing the viability of viticulture (Gladstones, 1992). Precipitation 
output from GCMs is, however, not useful for regional scale analysis because the 
processes involved are smaller than the resolution available from the GCMs (Chiew et 
al., 2010, Puma, 2012).  
 
Chiew et al. (2010) considered which of the climate models could be used for 
particular scales and data needs for hydrological modelling. They also considered how 
much research is required to perform each type of modelling. Chiew et al. (2010) found 
that if information about hydrological impacts was only needed over very large regions, 
then the simpler daily scaling method of downscaling could be used and still achieve the 
level of accuracy needed. They note, however, that this performance is region-specific. 
Holman et al. (2005) discovered that downscaling to provide output at a 5 x 5 km grid 
was fine enough for their Users, although they had originally requested finer resolution. 
In other words, often a trade-off is necessary between the level of local detail requested 
by Users and the technical capabilities of the climate models and non-technical 
constraints (e.g. monetary, computing time, work hours) (Holman et al., 2005; Puma, 
2012).  
 
2.4.4 Temporal scales 
The timescales that are useful for decision making are not necessarily matched 
by the timescales available from GCMs. As a result, climate scenarios usually represent 
temporal scales of decades – that is, they represent the likely climate ten, twenty, thirty 
or more years into the future, by providing an average set of values (Porter et al., 2012). 
In other words, the temporal characteristics of the information are generally pre-
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determined by the Provider, on the basis of the output of the model(s). However, 
different sectors within the community (e.g. health compared to water compared to 
agriculture) have different planning horizons, and thus will require climate change 
information to be supplied at different temporal scales (Adger et al., 2005; Bryson et al., 
2010). Climate variables need to be produced at a temporal scale that is appropriate for 
the needs of the User in the particular sector (Charles et al., 2007). GCMs are good at 
simulating large-scale climate over seasons or years, but fail at shorter time scales and 
smaller areas – this is problematic for some regional and local impact studies (Charles 
et al., 1999). 
Most research on the spatial scale of required information has focused primarily 
on shorter-term climate forecasts (e.g. seasonal to interannual; for example, Letson et 
al., 2001; Austen et al., 2002; Broad et al., 2002; Jagtap et al., 2002; Patt and Gwata, 
2002; Goddard et al., 2010). However, according to Bärlund and Carter (2002) 
researchers addressing climate change want much longer time-frames in climate 
information than what is wanted and needed by non-research Users. Decision-makers 
often want information at short enough lead-times to consider extreme events (which 
are not currently well represented in models, see Dempsey and Fisher, 2005; Vera et al., 
2010) and that correspond with the timeframes of tactical and strategic decisions 
(Tables 2.1 and 2.2). This is generally the case in the primary industries, where climate 
change scenarios currently on offer from the climate modelling community generally 
present future climate information in the form of changes in monthly or seasonal 
averages over timeframes of decades or more (Vera, 2010; e.g. IPCC, 2013), but the on-
ground Users have a shorter-term focus.  
Table 2.1. Timeframes over which climate information is useful for tactical and strategic 
agricultural decision making (Meinke et al., 2001). 
Example of decision types Frequency (years) 
Logistics  
(eg. scheduling of planting / harvest operations) 
Intraseasonal (< 0.25) 
Tactical crop management 
 (eg. fertiliser / pesticide use) 
Intraseasonal (0.2 – 0.5)  
Crop type  
(eg. wheat or chickpeas) 
Seasonal (0.5 – 1.0) 
Crop sequence  
(eg. long or short fallows) 
Interannual (0.5 – 2.0) 
Crop rotations 
 (eg. winter or summer crops) 
Annual/bi-annual (1 – 2) 
Crop industry  
(eg. grain or cotton) 
Decadal (~ 10) 
Agricultural industry  
(eg. crops or pastures) 
Interdecadal (10 – 20) 
Landuse  Multidecadal (20 +) 
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(eg. agriculture or natural systems) 
Landuse and adaptation of current systems Climate change  
 
Table 2.2. Timeframes over which climate information is useful for tactical and strategic 
viticultural decision making, after Meinke et al. (2001). 
 
Example of viticulture decision types Frequency (years) 
Logistics  
(eg. scheduling of pruning / harvest operations) 
Intraseasonal (< 0.25) 
Tactical vine management 
 (eg. fertiliser / pesticide use / shade or bird-netting, 
irrigation, inter- and intra-row management) 
Intraseasonal (0.2 – 0.5)  
Vine infrastructure maintenance 
(eg. Trellis maintenance, fixing damage after 
strong winds) 
Seasonal (0.5 – 1.0) 
Vineyard stocks maintenance 
(eg. Maintaining stocks of fertiliser/pesticide, etc) 
Interannual (0.5 – 2.0) 
Vineyard infrastructure maintenance 
 (eg. Machinery maintenance, planning future 
irrigation) 
Annual/bi-annual (1 – 2) 
Consumer/market preferences  
(e.g. altering mix of grape varieties; dependent on 
wine styles in fashion)  
Decadal (~ 10) 
Introduction of new grape varieties 
(eg. Riesling, sauvignon blanc, etc) 
Interdecadal (10 – 20) 
Vine life; replacing trellising; vineyard re-planting  
(eg. Removing or renewing vine root stock) 
Multidecadal (20 +) 
Landuse and adaptation of current systems Climate change  
 
2.5 Decision support systems 
 
Climate change scenarios, when integrated with other scenarios, such as socio-
economic ones, can be thought of as a type of Decision Support System (DSS), and 
have been widely used for adaptation planning (Dessai et al., 2005). A DSS is a way of 
organising and synthesising all of the information necessary to assist in the making of a 
particular decision (Petersen et al., 1993; Magarey et al., 2002), for example how to 
manage a type of pest or disease within an agricultural system (Magarey et al., 2002). 
DSS tools can be simple organisational and data processing aids or complex computer 
programs that require expert training to administer (Magarey et al., 2002). McIntosh et 
al. (2011) suggest that it is hard to determine a metric for the success of a DSS in terms 
of achieving its intended outcomes. 
 
On the simpler side, many DSS tools are not widely used by agricultural 
decision makers because they fail to consider holistic management of the system, and 
instead address only specific parts, such as one pest or disease issue (Magarey et al., 
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2002; McIntosh et al., 2011). A further argument against their use is that DSS tools that 
try to simulate too many processes are too cumbersome and tend to infringe on 
decision-makers’ own independence to make decisions; in other words, they are seen as 
attempting to make the decision for the User. French and Geldermann (2005) explore 
how appropriate different methods of decision analysis and support are for particular 
contexts and found that integrating stakeholders’ perspectives into the DSS is essential 
to usefulness, but that each problem needs to be addressed on a case by case basis.  
 
Stabell (1987), Jakku and Thorburn, (2010) and McIntosh et al. (2011) all argue 
that successful implementation of DSS tools needs to be participatory and involve 
iterative work between User, system and builder from the beginning of the process of 
system design. These lessons may prove useful in the process of developing and 
providing climate change scenarios. In a similar vein, McCown (2002) explores the 
lessons that might be gained for better implementing agricultural decision support 
systems from non-agricultural DSS models.  
 
Kokic et al. (2007) developed AgFIRM, which is a bioeconomic modelling 
system intended to help reconcile the gap between supply of climate science and 
demand for policy-relevant information in Australia. This was used to make a simple 
econometric model of farm income that responds to forecasts of crop and pasture 
growth for the coming season based on seasonal climate forecasts (Kokic et al., 2007). 
Prokopy et al. (2013) explored agricultural advisors’ knowledge and perceptions of 
agricultural decision support tools in the form of weather and climate information, and 
explored whether or not these advisors were willing to incorporate weather and climate 
information into their advice to farmers. Prokopy et al. (2013) found that advisors are 
influenced to a greater extent by short-term (1-7 days) forecasts than they are by longer-
term climate outlooks; in addition, they primarily integrate historical trends and/or 
forecasts into their advice to farmers for operational as well as tactical and strategic 
decisions. 
 
Hochman et al. (2009) assert that the majority of farm managers and advisors 
avoid using DSSs. Significant efforts by scientists to engage with potential Users of the 
DSSs were made during the FARMSCAPE intervention (Hochman et al., 2009), and led 
to improved use of DSSs by farmers and advisors, but such efforts are not sustainable 
economically or in terms of the amount of time involved. Yield Prophet, an online 
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service, was designed to be a cost-effective tool to continue this work but in a 
sustainable manner (Hochman et al., 2009). Yield Prophet has been partly successful – 
critically because of the very specific nature of the information it delivers (about yield 
prospects and the potential effects of alternative management practices on crop 
production and income, allowing for flexibility in problem definition) and the real-time 
in-season decision support (including monitoring the impacts of past decisions), but also 
due to the ownership and co-design elements (Howden, M., pers. comm., 13th March, 
2014).  
 
Jakku and Thorburn (2010) developed a framework to understand how 
stakeholders collaborate in the participatory development of DSSs, using the three 
concepts “technological frames”, “interpretative flexibility” and “boundary objects”. 
They then applied the framework to two case studies of participatory collaboration to 
create an irrigation DSS for sugarcane production, to explore the relevance of the 
framework (Jakku and Thorburn, 2010). Although only participants from one of the 
case studies intended to continue using the DSS, the authors considered the approach a 
success because of the co-learning that occurred (Jakku and Thorburn, 2010). In other 
words, Jakku and Thorburn (2010) measured success based on a greater emphasis on 
learning during the participatory process, rather than the traditional view of judging 
success based on ongoing use by farmers and/or advisors.  
 
McIntosh et al. (2011) analysed the experiences of a global group of DSS 
developers to identify and assess key challenges in ensuring participatory development 
of the DSS by end Users and stakeholders throughout the design and development 
stages so as to lead to better use of the DSSs by intended end Users. Suggestions on 
how to overcome barriers to use of DSSs within organisations include the use of an 
internal champion to promote use of the DSS as well as to work on the development of 
the DSS to ensure that it is properly targeted and relatively easy and inexpensive to use 
(McIntosh et al., 2011). This is important because the DSSs can become outdated and 
financial unsustainable for organisations because of the long-term costs such as training, 
support and maintenance (McIntosh et al., 2011).  
 
Matthews et al. (2008) discuss the challenges to successful implementation and 
use of DSSs, using past and current efforts as examples. They outline both the positive 
outcomes (for example the potential Users recognising the potential offerings of a DSS) 
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and the socio-political and institutional barriers (for example, including the balance of 
costs and benefits) to greater use of the DSSs, drawing on their own experiences of DSS 
development (Matthews et al., 2008). Hayman (2003) discusses the brief history of DSS 
use by Australian dryland farmers and the challenges of development and 
implementation, indicating that the real benefit of the DSSs was the interaction it 
ensured between the developers and end Users (Hayman, 2003). There is a consistent 
thread in the literature that argues for reflection on the DSS model to make it more 
relevant, because the supply-side nature of DSS often does not meet User demand (e.g. 
Hayman, 2003; Matthews et al., 2008). 
 
2.6  Demand: User needs of future climate change 
information for decision-making 
 
End Users’ perspectives as to their information needs for decision making in the 
context of climate change adaptation have been researched both in Australia and 
internationally (e.g. Schwarz et al., 2012; Verdon-Kidd et al., 2012; Mase and Prokopy, 
2014). Research is increasingly focusing on the climate impacts relevant to the needs of 
particular sectors or geographic regions (e.g. Turnpenny et al., 2003; Parry, 2007), but 
these projects are primarily vulnerability assessments (Dow and Carbone, 2007; see, for 
example, Changnon, 2003; Dempsey and Fisher 2005; Lim et al., 2005; Adger, 2006) 
rather than assessments of how much information is necessary to act and whether more 
complex information is actually needed. While this research encompasses various 
primary industry and other sectors, including broad-acre cropping, it does not include 
the viticulture sector.  
This disconnect may be one reason for a general lack of User-oriented climate 
change information that is useful in adaptation decision making (e.g. Meinke et al., 
2006; Fowler and Wilby, 2007; Sarewitz and Pielke Jr., 2007; Sarewitz 2011). Mase 
and Prokopy (2014) conducted a review of forty-seven articles concerning agricultural 
decision makers’ use of weather and climate information in the United States, Australia 
and Canada over the past thirty years. They found that some of the barriers to use of the 
information by Users were perceptions of low forecast accuracy, forecasts not being 
adequately contextualised, short forecast lead times, lack of flexibility in management 
and operations, and focus on other factors within the decision sphere, such as the market 
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(Mase and Prokopy, 2014). Mase and Prokopy (2014) suggest that participatory and 
interdisciplinary processes between advisors and farmers hold the potential to improve 
use of climate information and tools; indicating that the disconnect is impeding the use 
of climate information. 
This disconnect has been addressed in the research community by considerable 
investment in developing more complex and finer resolution climate change models 
(Meyer, 2011). The underlying assumption is that providing more information to 
decision makers is the key to better on-ground decision making, despite the well-
established body of literature that shows that this is not necessarily true (e.g., Sarewitz 
et al., 2000; Griggs and Kestin, 2011).  
Increased investment in modelling has been justified by the supposed benefits to 
society by providing the reliable information necessary to adapt – and doing so with 
both accuracy and precision (Dessai et al., 2009). However, there are some uncertainties 
which simply cannot be reduced by further modelling – and this limits the reduction in 
uncertainty which can be achieved (Giorgi, 2005; Dessai et al., 2009) for example the 
trajectory of Greenhouse Gas (GHG) emissions over future decades. Therefore it is even 
possible that, as computational power increases, uncertainty in climate projections may 
also increase (Dessai et al., 2009), and as a result, Dessai et al. (2009) assert that the 
idea of renewing investment in further climate modelling to guide decision making is 
misplaced (Dessai et al., 2009). This is also supported by the “uncertainty fallacy” 
described by Lemos and Rood (2010), which they describe as being “a belief that the 
systematic reduction of uncertainty in climate projections is required in order for the 
projections to be used by decision makers”. 
Several authors have noted the need to move beyond the ingrained belief that 
more information will ‘fix the problem’ (see, for example, Sarewitz, 2004; Dessai et al., 
2009; Tàbara et al., 2010). Sarewitz (2004), and Kokic et al. (2012) assert that more 
detail simply provides more options, but not necessarily better options. This is 
consistent with cognitive choice theory (e.g. Kahneman and Thaler, 2006). For 
example, Iyengar and Lepper (2000) found that, in experiments where consumers were 
choosing between different gourmet jams, more choice did not make for better 
outcomes or more satisfied consumers. Kahneman and Thaler (2006) found that people 
are not necessarily able to make accurate, or unbiased predictions of the outcomes of 
different choices, and that in fact, they often fail to maximise their experienced utility. 
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In other words, having more options to choose from does not make them better at 
choosing the right option for them. 
An uncertain environment, climatic variability and risks are not new concepts 
for Australian farmers (Austen et al., 2002). While climate model output is beneficial in 
helping to inform impacts for which robust strategies should be developed, it should not 
be considered the centre of adaptation strategies (Dessai et al., 2009). By using this 
information as one of several inputs to inform the decision-making process, decisions 
about adaptation strategies can be made even though deep uncertainties exist (Dessai et 
al., 2009). As Heckbert et al. (2010) point out, decision makers are adept at making 
decisions on the basis of incomplete or uncertain information, as they deal with 
uncertainty in day to day decision making (Tribbia and Moser, 2008; Bryson et al., 
2010). Such uncertainty does not prevent them from making decisions (Bryson et al., 
2010), and complete certainty in projections is not possible (Dow and Carbone, 2007). 
Therefore the presence of uncertainties in future climate information should not derail 
the decision process (Heckbert et al., 2010).  
Instead, an increasing number of scientists suggest the use of “robust” decision-
making – that is, choosing adaptation paths that will be valid (and yield positive results) 
over a range of possible future climatic (and other, eg. socio-economic) scenarios 
(Adger et al., 2005). Indeed, Dessai et al. (2009) describe the approach of waiting for 
more information before acting to adapt to climate change as “flawed”. Examples of 
adapting to climate change requiring more than simply providing decision makers with 
‘more knowledge’ are found in two case studies from Tàbara et al. (2010) of adaptation 
in Inner Mongolia and the Guadiana river basin in the European Union. These case 
studies illustrated that iterative tool development rather than more detailed information 
is essential for building adaptive capacity and that context-based integrative science-
policy interfaces are needed (Tàbara et al., 2010).  
This is consistent with the hypothesis of this research – that, for long-term 
decision making, less detailed future climate information which is robust to the presence 
of uncertainties may be acceptable for Users in viticulture in Australia. 
 
2.6.1 The decision-centred versus climate-centred frameworks 
The research community, however, still primarily operates under a climate-
centred framework (see Howden et al., 2013 for a description). In the climate-centred 
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system, improvements in the system focus on improving the technical quality of the 
input climate data. Operating under the climate-centred framework, climate models are 
generally not produced with a particular use in mind. The climate is modelled to better 
understand the complex system rather than to provide what Users in particular sectors 
want to inform decision-making for adaptation to climate change (Dow and Carbone, 
2007); the information just happens to also be relevant to Users for a particular 
application.  
In addition, climate information is often not provided at the correct time to fit 
into existing decision-making processes (Table 2.2; Deelstra et al., 2003; Dow and 
Carbone, 2007; Lemos et al., 2012). This, along with other barriers (Table 2.2; Lemos et 
al., 2012), leads to less of the information being used than is relevant, or the information 
not being used at all (Deelstra et al., 2003; Meinke et al., 2006; Archie et al., 2014). In 
other words, if decision-makers are to use the results of the research undertaken, it 
needs to answer the questions they want answered (Demeritt, 2000; Deelstra et al., 
2003) and within a time-frame that they can use. 
There is generally (the exceptions are discussed further on in this section) no 
explicit consideration of the useful application of downscaled climate model output – 
such as the climatic region or the variables which are most useful – in specific sectors 
(Fowler et al., 2007), although it has been noted that such factors vary with different 
downscaling methods, and that the season of interest and geographic location affect the 
accuracy of downscaling methods (Fowler et al., 2007). 
 
Table 2.3. Barriers that Lemos et al. (2012) suggest affect usability and opportunities, derived 
from the literature. 
  Barriers identified in the literature 
  
Opportunities identified in the literature 
  
Fit Not accurate and 
reliable 
Not credible 
Not salient 
Not timely 
Not useful; not 
usable 
Excessive 
uncertainty 
Accurate and 
reliable 
Credible 
Salient 
Timely 
Useful; usable 
Interplay Professional 
background 
Previous negative 
experience 
Value routine, 
established practices, 
local knowledge 
Insufficient 
technical capacity 
(for example lack of 
models) 
Culture of risk 
aversion 
Insufficient human 
Previous positive 
experience 
Threat of public 
outcry; public 
pressure 
Perception of 
climate 
Technocratic 
insulation 
Water scarcity 
In-house expertise 
Triggering 
event/crisis (drought, 
El Niño and so on) 
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Low or no perceived 
risk 
Difficulty 
incorporating 
information 
or financial capacity 
Legal or similar 
Lack of discretion 
vulnerability 
Sufficient human 
or technical 
capacity 
More flexible 
decision framework 
Organizational 
incentives 
Value research; 
information seeking 
Interaction Not legitimate 
One-way 
communication 
Infrequent 
interaction 
End-User 
relationship 
Legitimate 
Two-way 
communication 
Iterative 
Trust 
Long-term 
relationship 
Co-production 
 
Researchers have been recognising this gap and have increasingly begun to 
provide the specific types of information that Users want and need (Dow and Carbone, 
2007; Lemos et al., 2012; Guido et al., 2013). Guido et al. (2013) assert that 
contextualising existing climate information through interpretation and synthesis can 
improve decision makers’ access to, understanding and use of climate information. It is, 
however, a slow process, and much work is still required. There are, however, now a 
few notable exceptions to the lack of explicit consideration of User needs in climate 
modelling groups (e.g. Gaynor et al., 2011; Whetton et al., 2012; Macadam et al., 2012). 
These groups recognise that, for adaptation to be successful, the downscaling techniques 
used to provide future climate scenarios should be tailored to (or chosen based on) the 
needs of the particular application (Fowler et al., 2007). 
 
This climate-centred framework is not consistent with agricultural decision-
making, which operates under a decision-centred framework (Howden et al., 2013), 
which focuses on the decision and the underlying values and aspirations as the centre of 
the model, with climate data as simply one of many inputs. This decision-centred 
framework encapsulates the many competing interests affecting production that must be 
taken into account to influence the future success, or otherwise, of adaptation actions, 
including: financial and economic priorities, environmental issues, political and social 
factors, demographics and regulation (Meinke and Stone, 2005; Desssai et al., 2009; 
Fussel, 2010). This decision-centred model used by on-ground Users, such as 
viticulturists, makes the decisions made by people, the core of the system rather than the 
climate information. As such, it recognises that climate information is only one aspect 
of a bigger picture (Meinke and Stone, 2005; Fussel, 2010). 
This fact supports the idea that a different approach should be taken to working 
climate projections into decision-making (Dessai et al., 2009), rather than requiring 
definite answers which climate projection cannot supply. Even if a perfectly accurate 
32 
Miriam Dunn User and Provider perspectives... 32 
and precise prediction of the future climate was possible, decision makers would not 
necessarily be able to use that information – due to the institutional confinement of, and 
lack of movement available in, their decision space (Jacobs et al., 2005). This literature 
suggests that providing climate information in a decision-centred framework is most 
likely to be useful. 
 
2.6.2 Barriers to providing information Users want 
In overcoming the barriers to providing useful climate change information, not 
all climate change scientists need to work with Users (Griggs and Kestin, 2011). And on 
the reverse side, not all Users will be exposed to the climate information available, or 
necessarily have the skill set needed to correctly interpret that information to something 
they can use (Dow and Carbone, 2007). This is why co-producing the future climate 
information is so important in providing information which meets User needs. 
Lemos et al. (2012) provide a summary of the barriers affecting usability of 
climate information (see Table 2.2 above) and present strategies that could assist in 
overcoming the barriers and improving usability. The strategies include the use of 
boundary organisations (organisations which broach the worlds of Users and Providers, 
for example, agricultural extension organisations, and thus act as knowledge brokers 
between Users and Providers; see Lemos et al., 2014 for further details), value-adding 
and retailing, wholesaling and customization, the latter referring to properly 
contextualizing the information for User groups with similar requirements, ensuring that 
the information fits within their existing decision processes (Lemos et al., 2012). Lemos 
et al. (2012) and Ford et al. (2013) both express how critical interaction between 
producers and Users of information is in creating usable information. However Lemos 
et al. (2012) also point out that, owing to the different sizes of the communities, 
increased levels of demand from User communities could lead to producer communities 
being unable to match the number of demands from the User communities. There is a 
plethora of Users and decision-making processes to do with climate change, which can 
make it hard to engage with them all on meaningful, useful levels (Dow and Carbone, 
2007).  
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2.7 Homoclimes or climate analogues 
 
Providing future climate information in the form of homoclimes (also known as 
climate analogues) is one approach being used by the scientific community to make 
climate information more easily able to be integrated into decision-centred decision 
making. Homoclimes provide an indication of what the climate of a region could 
become like in comparison to the climate currently experienced in other growing 
regions (Ramirez-Villegas et al., 2011; Grenier et al., 2013; Figure 2.3), with the 
comparison based on climatic variable(s).  
The Climate Change, Agriculture and Food Security program (CCAFS) of the 
Consultative Group on International Agricultural Research (CGIAR) (CCAFS, 2012a) 
has estimated that approximately seventy percent of likely future climates have a current 
homoclime somewhere in the world. Which means that thirty per cent do not. 
The CCAFS website (CCAFS, 2012b) contains a User-friendly portal of past, 
present and future homoclimes for agricultural growing regions of East and West 
Africa, Latin America, Southeast Asia and South Asia. The CCAFS work does not, 
however, provide homoclimes beyond these regions. Homoclime information has been 
produced for regions (in the form of states) of the United States (e.g. Frumhoff et al., 
2007, cited in Karl et al., 2009; Hayhoe et al., 2008; Veloz et al., 2012b), but these are 
not specific to viticultural needs, rather they have been produced primarily for other 
impacts and adaptation applications. The Berkeley Lab Earth Sciences Division of the 
US Department of Energy has a website that provides climate analogue analysis for 
Australia, as well as other regions globally (see Koven, 2013). This site shows 
geographic shifts for various (multi-decadal) time points in the past and future, however 
it does not provide specifics of a comparison location, rather it is a visual indication of 
the latitudinal and longitudinal change to the likely areas in which the climate of a 
particular region will be found in future time periods. 
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Figure 2.3. Example visualisation of homoclimes for the north-eastern United States of America 
(Frumhoff et al., 2007). This map shows the climate of the state of New Hampshire 
shifting in the future to a climate similar to those currently experienced further inland 
and at lower latitudes. 
Homoclimes have been used as a means of elucidating climate change impacts 
across sectors. For example, Hallegatte et al. (2007) used homoclimes to explore the 
economic impacts of climate change in urban areas, while Williams et al. (2007) 
explored climates in the future that would be new and those that would disappear in 
terms of species distribution. 
An early example of provision of future climate information and spatial scales 
for use in viticultural decision making is the grapevine growing season temperature 
summation analysis presented by Kirk and Hutchinson (1994). They created maps of 
growing season temperature summation for south eastern Australia, showing areas that 
would potentially be suitable for growing wine grapes in the future. Although they 
recognised that the metric used was not the only relevant variable in determining areas 
suitable to growing wine grapes, they noted that the importance of the temperature 
profile of a region made it useful as a first step. This early research did not, however, 
compare projected temperature patterns to existing regional temperatures. Spatial 
analysis of temperature profiles in winegrowing regions in Australia has since been 
reanalysed by Hall and Jones (2010). They calculated and compared four commonly 
used indices for varietal suitability for each Australian geographic indication using 
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temperature data from 1971 to 2000 and found that the index employed affected the 
differences found in temperature regimes between the same region pairs and hence the 
cultivar suitability within each region (Hall and Jones, 2010).  
Homoclime information has been produced specifically for some of the 
viticultural regions worldwide (e.g. Smart, 2003; White et al., 2006; Webb et al., 2007b; 
Jones et al., 2009; Jones et al., 2010; Webb et al., 2013), but it is not comprehensive 
across regions. The most up-to-date and comprehensive work for viticultural regions 
(Webb et al., 2013) covers twenty-three regions worldwide, providing future 
homoclimes for five of Australia’s winegrowing regions (Riverland, Barossa Valley, 
Margaret River, Yarra Valley and Tasmania) (Webb et al., 2013). This research projects 
that the Barossa Valley in South Australia, for example, may develop a temperature 
profile similar to the current temperatures experienced in the Central Valley in the 
United States of America. Although this work does not provide information for all 
winegrowing regions, it does provide a typological representation of the breadth of 
expected changes across regions worldwide, ranging from cool- to hot-classified 
regions. Information presented in the form of homoclimes is more likely to be better 
suited to assisting decision-centred decision making for adapting to climate change than 
climate information presented in other forms because it is more easily contextualised. 
 
2.8 Valuing information – User willingness to pay 
 
It is possible for there to be greater value for decision makers in less detailed 
future climate information, as this thesis hypothesises. Relatively few studies have 
explored User willingness to pay in agribusiness (Lusk and Hudson, 2004). Zapata and 
Carpio (2014) use contingent valuation to explore willingness to pay for new 
technologies or inputs. Lusk and Hudson (2004) give a detailed overview of willingness 
to pay as it relates to agribusiness, both in terms of the methodology and also the 
methods used to estimate a User’s willingness to pay. They show that agribusiness’ 
willingness to pay is inherently different from that of other sectors (Lusk and Hudson, 
2004). This concept is applicable to providing different types of future climate 
information, as this thesis investigates. A combination of established methods described 
by Lusk and Hudson (2004) are used in the design of the surveys used in this thesis.  
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A few authors have explored decision-makers’ willingness to pay for weather 
information at different spatial and temporal scales (e.g. Kenkel and Norris, 1995; 
Rollins and Shaykewich, 2003; Frisvold and Murugesan, 2011); as well as willingness 
to pay for technology to avert related problems, such as frost, and the factors affecting 
that willingness to pay (e.g. Dore, 2000; McCorkle, 2007). For example, Rollins and 
Shaykewich (2003) applied contingent valuation methods to estimate WTP for weather 
information from a phone call-up service (WeatherLine) for several different 
commercial sectors, including agriculture. Agricultural Users were willing to pay more 
than any other sector for this service, at US$2.17 per call (Rollins and Shaykewich, 
2003). However, Freebairn and Zillman (2002) reviewed descriptive studies of use of 
meteorological services by potential Users and found that a significant proportion (often 
greater than 50%) do not use these services in their decision making, resulting in a zero 
willingness to pay for this type of information for many respondents when contingent 
valuation studies are performed. However there is still a large proportion of decision 
makers who do make extensive use of these services and who report improved decision 
choices resulting in economic benefits (Freebairn and Zillman, 2002). 
Sherrick et al. (2000) assert that a User’s willingness to pay for climate 
information does not necessarily accurately reflect the value of the information if the 
Users have less than accurate recollections of prior climatic events, which may lead 
them to undervalue the information. Research they conducted involving a survey of 
large producers in the mid-Western United States concluded that overstating the 
occurrences of adverse events, and understating the occurrences of favourable ones was 
common among Users (Sherrick et al., 2000). Users’ perceptions could likewise be 
distorted if the validity of the forecast information were to be overstated. 
Limburg et al. (2002) explore the value of ecosystem services. They show that 
while decisions about value of information have traditionally been driven by people’s 
short-term visions, in the future it may be necessary to value avoiding catastrophic 
(ecosystem) change rather than to value which resources to choose (Limburg et al., 
2002). This issue has not been explored for the viticulture industry, but it raises the 
question of whether Users in the viticulture sector will consider long-term future 
climate information to be more useful, which is a key component of this research. 
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2.9 Usefulness of information: reconciling supply and 
demand 
 
Achieving the provision of decision-centred, rather than climate-centred, 
information requires co-production of that information. There is emerging research that 
addresses reconciling the supply of, and demand for, climate change information in 
terms of Users’ perceptions of the usefulness of climate information (e.g. Letson et al., 
2001; Sarewitz and Pielke Jr., 2007; Mase and Prokopy, 2014) and on the co-production 
of information between climate scientists and Users (specifically, decision-makers) in 
various sectors (see, for example, Agrawala et al., 2001; Lemos and Morehouse, 2005; 
Logar and Conant, 2007; Sarewitz and Pielke Jr., 2007; Armitage et al., 2011).  
Co-production inherently means creating dialogues between Providers and Users 
of information from very early in the process, and creating an iterative environment 
where Users’ specific needs are discovered rather than assumed (Dilling, 2007; Dilling 
and Lemos, 2011). Further, high levels of co-production and iteration between 
producers and Users of climate information have been typically shown to result in a 
better rate of use of the climate information (Rice et al., 2009; Dilling and Lemos, 2011; 
Lemos et al., 2012). Dilling and Lemos (2011) find that flexibility in terms of the ways 
in which projects are designed and implemented as well as the metrics used to evaluate 
the success of the projects can affect whether or not iterative interaction can occur and 
hence usable science can be produced. These iterative processes are more conducive to 
developing and maintaining the three factors that are considered to be the foundations of 
information actually being used – salience, credibility and legitimacy (Cash and Buizer, 
2005; for explanation and concrete examples of these terms, please refer to Cash et al. 
2002). 
Ford et al. (2013) analysed 23 climate change research projects, conducted during 
one year in Canada that identified informing decision-making as a specific goal, to 
quantitatively and systematically determine whether that goal was achieved. The work 
of Ford et al. (2013) provides an example of where key principles of co-production are 
inherent in the rhetoric of the research design, but where it is significantly less prevalent 
in practice. Less than half of the projects co-produced objectives with decision makers, 
consideration of decision context was not prevalent, and Users tended not to be engaged 
in evaluating the quality of data (Ford et al., 2013). In addition, almost two-thirds of the 
projects did not tailor results specifically to User needs (Ford et al., 2013). Further 
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investigation is necessary as to whether co-production is prevalent on-ground in other 
countries when the goal of the research is to inform climate change decision making. 
 
2.10. Research methods 
 
Qualitative methodologies have made a substantial contribution to understanding 
of User needs. Social science research methods allow values to be drawn out by 
embracing subjectivity (Oliver et al., 2013). 
The choice of research method has to be made based on the data to be gathered. 
Denzin and Lincoln (2000) assert that the choice of research method depends both on 
the nature of the enquiry and on the nature of the analysis to be conducted. Christ 
(2014) asserts that the research question dictates the chosen methodologies. Because 
this research enquiry is about User needs in terms of future climate information, and is 
inherently subjective in terms of the Users’ values, the chosen research method needs to 
allow for the exploration and analysis of those values, and that is best achieved using 
social science research methods. 
In particular, interviews allow for breadth and depth of investigation of the subject 
matter (Legard et al., 2003; Rubin and Rubin, 2012), as well as the interpretation of the 
challenges encountered during the interview and purposeful reflection of how the 
interview is “co-constructed” by both interviewer and participant (Roulston, 2011). If 
the research methods used were not social science research methods, then these aspects 
would not be considered, and hence, understanding of the subject matter may not be as 
fully developed. 
The mixed method research approach used in this thesis employs Layder’s 
Adaptive Theory to construct knowledge using both theory and data, and to reassess the 
findings throughout the process, to amend existing theory (Layder, 1998). Johnson and 
Onwuegbuzie (2004) assert that mixed methods research frequently results in superior 
research compared to “monomethod research”, owing to its methodological pluralism. 
The use of surveys as well as interviews allows for testing of both existing and new 
theory, which results in a richer analysis.  
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2.11. Chapter summary 
 
This chapter has presented an overview of literature relevant to the key research 
questions addressed in this thesis. It has presented background information to introduce 
the occurrence of climate change in south eastern Australia and the relevance of 
observed and future changes to the viticulture sector. It has also presented information 
relating to the supply of, and demand for, climate change information – including 
decision support systems and Users’ willingness to pay for information – and the efforts 
underway in the research community to reconcile the gap that persists between 
information supplied by Providers and that which is in demand from User groups. All of 
the information presented is intended to provide background to, and elucidate the 
argument presented in, this thesis: 
 When providing future climate information, Providers have tended to assume 
which characteristics of the climate information are most useful to Users in the 
primary industries in assisting short- and long-term decision making for climate 
change adaptation; 
 In some parts of the climate modelling community, there remains an implicit 
assumption that more detailed climate information is always more useful for 
decision making, despite the fact that this has been shown to be untrue; 
 This thesis hypothesises that, for long-term decision making, less detailed future 
climate information is acceptable for Users in viticulture in Australia; 
 The way in which the information is presented is very important; and 
 A decision-centred, rather than climate-centred, approach of providing future 
climate information is likely to assist potential Users and to bridge the 
disconnect (between supply and demand) by providing the most useful future 
climate information, thus potentially contributing to more effective adaptation to 
climate change. 
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Chapter 3: Methodology and Methods 
 
  Meeting the goal of comparing and analysing Users’ and Providers’ perspectives 
on Users’ future climate information needs for both short- and long-term climate change 
adaptation decision-making requires a combination of methods, applied over time. This 
chapter first outlines the methodology employed in the research, then the overall 
approach used to conduct the four stages of the research project, before providing 
detailed explanation of the methods used for each stage to address the key research 
questions (outlined in Chapter1: section 1.2).   
 
3.1. Methodology 
 
The overall methodology is shown in Figure 3.1. The ontology underpinning the 
research is critical realism, that is, facts are facts, and specific issues that the research is 
expected to uncover can be identified using appropriate methods (Collier, 1994; Guba 
and Lincoln, 1994).  
 
Figure 3.1. The overall methodology of the research. 
 
The epistemological position from which this research is carried out is 
constructivism. Constructivism is a perspective that the social world is constructed, and 
can be understood through the perspectives of people who are involved in meaning-
making activities (Denzin and Lincoln 2005). This perspective is methodologically 
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cohesive with the chosen research approach, (Layder’s) Adaptive Theory (Layder, 
1998), because constructivism can also be thought of as a perspective that encourages 
adaptive learning that involves integrating new and existing knowledge to address 
problems (Jonassen, 1991). 
Adaptive Theory was selected as the research approach because the intent of the 
research was to use mixed methods to both test and build theory, therefore requiring 
both deductive (theory-testing) and inductive (theory-building) approaches, as 
accommodated by Adaptive Theory. This research forms a cycle wherein theory can be 
both built (using qualitative methods – interpretivist) and tested (using quantitative 
methods - positivist) (Figure 3.2). 
 
Figure 3.2. The research process, after Layder (1998: 29). 
 
 
Adaptive theory integrates some of the concepts of grounded theory, but allows 
for more flexibility in the approach. Originally developed by Glaser and Strauss (1967), 
grounded theory is an approach used to develop theory from the collection and analysis 
of data. It is focused on “interaction, communication and active engagement in social 
situations” (Holloway and Wheeler, 2010, p180). The grounded theory approach has 
been interpreted in many different ways over the decades (see Holloway and Wheeler, 
2010), however as described and interpreted by its original proponents, it was not 
intended to be used to both test and build theory whereas Adaptive Theory can 
accommodate both. 
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This research was conducted as a multi-stage project for both theoretical and 
practical reasons. The theoretical reason is the use of Layder’s Adaptive Theory as a 
research approach, which embraces the flexibility of the need to re-assess, refine the 
theory and re-investigate at different stages throughout the research process, thereby 
integrating the on-going collection and analysis of data (see Figure 3.2; after Layder, 
1998). The practical reasons for conducting a multi-stage project are the combination of 
inductive and deductive approaches used for data collection, which cannot be conducted 
concurrently if the inductive (interview) stage is to inform the design of the deductive 
(survey) stage. This is because the issues faced by Users need to first be understood by 
the researcher, then tested using a larger sample size, and the same needs to be 
performed for the Providers, using the User responses as a theory starting point, before 
comparing their perspectives.  
As explained above, Layder’s Adaptive Theory provides a middle-ground 
between theory-focused and data-focused research. The adaptive theory approach has 
been applied in other primary industry case studies, for example, Gordon et al. (2012, 
2013); and in participatory research by Gross (2007).  
 
3.2. Overview of methods  
 
Mixed methods are applied to explore the perspectives of Users and Providers as 
to the future climate information needed and provided; and to examine the relationship 
between the perceived complexity and usefulness of future climate change information. 
The methodology was framed by a decision-centred approach to on-ground climate 
adaptation decision making and focuses on the wine grape industry in Australia as a 
case study. This methodology is both explorative and comparative – it first explores the 
issues as perceived by the Users and then compares those to the perceptions of 
usefulness of future climate information held by their counterparts – the Providers of 
that information. This analysis is separated into four stages, as shown visually in Figure 
3.3. A brief overview of each stage follows, before the case study is introduced and then 
the methods for each stage of the research are given in sections 3.4– 3.7. 
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Figure 3.3. A visual representation of the process of the methods; there are four stages of this 
methodological approach. 
 
Stage One, discussed in detail in section 3.4, is a case study in the Canberra District of 
south-eastern Australia, consisting of semi-structured interviews with viticulturists, 
wine-makers and industry representatives (i.e. decision-makers who use climate 
information in the wine grape sector). These interviews were structured around ideas 
relating to the usefulness of short- and longer-term future climate information for 
decision making. A survey about the usefulness of future climate information, 
developed from analysis of the initial case study interview data, was then disseminated 
within wine grape growing regions Australia-wide. This survey was used to clarify and 
quantify the results from the initial interviews, and to determine whether the initial 
findings were supported in the wider wine grape sector.  
Stage Two, discussed in detail in section 3.5, began with semi-structured 
interviews that were conducted with Providers (particularly those who develop and/or 
work with climate models) from key organisations globally. These interviews were used 
to gain some perspectives from the Providers of future climate information regarding 
the usefulness of the information provided to Users. This analysis was performed to 
allow for comparison between User and Provider perspectives. The results of these 
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interviews were then used to design an online survey that was distributed to other 
Providers. This survey was used to clarify and quantify the results from the interviews.  
Stage Three, discussed in detail in section 3.6, involved a comparison of the 
results of Stages One and Two. These give an indication of the perspectives on 
usefulness held by Providers and Users of future climate information. The comparison 
used the level of usefulness to Users (drawn from analysis of the initial wine grape 
sector interviews) as the metric on which to base analysis. In other words, the 
interviewees determined what was or was not useful. 
After analysis of the interview and survey data from Users and Providers, there 
remained three issues on which Users’ opinions had not yet been ascertained. Hence, 
Stage Four, discussed in detail in section 3.7, involved conducting a further stage of 
data collection to address this gap in the data and to complete the comparison between 
User and Provider perspectives. 
 
3.1 Case study: the Australian viticultural sector 
 
Viticulture was selected as the case study sector because it allows investigation 
of a sector with long-term planning horizons due to the long-term life of the vines and 
infrastructure such as for irrigation and processing (Webb et al., 2010). The research 
began with a narrow focus on the Canberra District wine region, and then expanded into 
the broader wine grape industry in Australia as a case study. 
3.1.1 Initial case study area – The Canberra District, south-
eastern Australia 
The Canberra District case study area is located in the Southern Tablelands of 
New South Wales in south-eastern Australia (Figure 3.4). The District includes 140 
vineyards producing wine grapes for local winemaking, domestic sale to wineries in 
other regions, and export internationally (CDWIA, 2014). It is a cool climate area 
producing primarily premium, super premium and specialty wines.  
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Figure 3.4. This map shows the location of the Canberra District within south-eastern Australia. 
 
The Canberra District Wine Region is focused on producing small quantities of 
high quality wines and has a level of local tourism. The producers in the region differ 
from much of the rest of the Australian wine grape industry because the region is 
dominated by small companies who have their own vineyards to produce the grapes 
they require, rather than purchasing grapes from a set of growers. This means that 
growers have stronger ties to the winemakers and in general have more leeway to 
experiment with different grape varieties. This is also an important factor influencing 
how growers source information.  
The vineyards in the region range in elevation from 500m to 850m, resulting in a 
significant range in temperature across the region. While warming may reduce the 
number of frosts currently regularly occurring in the region, it is also likely to increase 
the occurrence of heatwaves (days above 35 degrees C), and to change the rainfall 
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patterns, which have already begun to exhibit changes towards increase incidence of 
rain during harvest.  
This region was selected because many of the varieties currently grown here are 
already at the upper limit of their optimum growing season temperatures (e.g. Riesling; 
see Figure 2.1 in Chapter 2), and although this region is referred to as “cool climate”, 
and grows grapes of this nature, this region has experienced a warming trend in the past 
decades (Figures 3.5 and 3.6; Commissioner for Sustainability and the Environment, 
2011; Davis and Lindesay, in preparation). Should this warming trend continue (as is 
projected), this is a region where varieties of grape and/or management practices may 
need to be adapted if viticultural production is to remain viable (Webb et al., 2013).  
 
Figure 3.5. Map of Australia showing annual (mean) temperature trend for the period 1970-2013 (BoM, 
2014a). This map shows that, over the past four decades, the mean temperature increase over 
the Canberra District wine region has been higher than in many regions across Australia. 
 
47 
Miriam Dunn User and Provider perspectives... 47 
 
Figure 3.6. Map of Australia showing annual maximum temperature trend for the period 1970-2013 
(BoM, 2014b). This map shows that, over the past four decades, the increase in 
maximum temperatures over the Canberra District wine region has been higher than in 
many regions across Australia. 
 
 
 
 
3.2 Stage One: Case study of wine grape sector Users’ 
perspectives on usefulness 
 
Stage One of this study focuses on the Australian viticultural sector, and 
explores the specific kinds of climate information that wine grape growers, wine-makers 
and industry representatives consider useful in the context of managing climate change. 
This stage of the research poses questions about what constitutes “better” climate 
information. This section begins to address this broader issue by focusing on two 
specific questions: 
 What kinds of climate input would best assist decision making in this sector 
during this adaptation process?  
 And at what spatial and temporal scales will it be needed?  
 
Theoretical insights from relevant literature formed the basis for developing six 
orienting concepts. This accords with Layder’s Adaptive Theory approach (Layder, 
1998; discussed in detail in section 3.1). The concepts used to focus the review of 
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literature and existing theory are: climate change; information for decision making; 
viticultural practices; decision sphere (that being all the factors that are contained within 
the bounds of, or related to, and hence may influence, a decision being made; such as 
economic priorities, environmental issues, political and social factors, demographics 
and regulation and so on); value or usefulness of information; and drivers of decision 
making. These orienting concepts then assisted in developing the following key 
research questions: 
 What kinds of future climate information, and how much information, is 
needed to inform both the planning for, and processes of, decision making 
for adaptation in the wine grape sector?  
 At what spatial and temporal scales will future climate information be 
needed by Users; and are certain spatial and temporal scales more useful? 
 Is information at the spatial and temporal scales that Users need currently 
being adequately produced and disseminated? 
 What is the relationship between the complexity of climate change 
information and the usefulness of that information for decision making for 
Users in this sector? (i.e. is there a trade-off between complexity and utility 
of the climate information?) 
 Does the type of information or the complexity of the required information 
change between short- and long-term decisions within the sector? 
 
These initial concepts and questions were used to guide empirical data collection 
via interviews conducted with viticulturists, wine-makers and wine industry 
representatives in one viticultural region (Appendices A and C). Data collection and 
analysis methods are discussed in further detail in the following section. The transcribed 
interviews were analysed thematically, drawing on the orienting concepts. The end goal 
was to revise, or refine, the theory that long-term future climate information needs are 
met by information from climate models with temporal and spatial scales of decades. 
The initial orienting concepts were then refined using the data obtained during the 
interview phase, and the findings related back to the relevant literature. The outcomes of 
this phase of the research were used to develop a more widespread survey to quantify, 
clarify, and refine the emerging understanding. The interview and survey results are 
integrated in Chapter 4. 
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3.2.1 Data collection and analysis 
A combination of non-probability sampling techniques was used, i.e. purposeful 
and snowball (also known as chain) sampling. Purposeful sampling involves selecting 
information-rich cases that provide depth to the subject matter (Patton, 2002: 230), 
while snowball sampling additionally involves asking participants to suggest other key 
people to talk to in the sector (Biernacki and Waldorf, 1981; Patton, 2002: 237; Ritchie 
et al., 2003; Stehlik, 2004). Purposeful sampling was used initially to select the 
Viticultural Society as the appropriate group through which to find the three target 
groups (growers, winemakers and industry representatives) for interviews, then 
snowball sampling was used to find key people. Purposeful sampling was also used to 
find survey participants by contacting the viticultural societies and organisations listed 
in the Australian and New Zealand Wine Industry Directory (Major, 2013).  
3.2.1.1  Semi-structured interviews 
Twelve initial semi-structured interviews were conducted with a mixture of 
viticulturists, wine-makers, and industry representatives (including extension officers) 
in the Canberra District. The mixture of participants was selected to explore potential 
diversity within the sector. The interview questions were pilot tested with three 
viticulturists, as well as with two experts in interview design and analysis. 
Interview data were transcribed into the NVivo software program and coded for 
analysis. The interviews were analysed using the six-step technique of ‘thematic 
networks’ analysis, described by Attride-Stirling (2001). The coding framework was 
developed both from the data itself and from the orienting concepts described above. 
The thematic networks analysis (very similar to the process followed by Layder (1998) 
but which Layder does not give a name) produced 81 basic ‘codes’ (Layder, 1998: 59) 
or ‘themes’ (Attride-Stirling, 2001), which were then grouped into ‘categories’ (Layder, 
1998; also referred to as ‘organising themes’ by Attride-Stirling, 2001) and linked to 
identify the ‘key messages’ or ‘concepts’ (Layder, 1998: 59; also referred to as ‘global 
themes’ by Attride-Stirling, 2001) (Figures 3.7 and 3.8). This resulting network was 
described, explored and interpreted in accordance with the method set out by Attride-
Stirling (2001), highlighting key findings relevant to the research questions. 
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Figure 3.7. Key messages and categories drawn from coding of the viticulture interview data; note 
that the basic themes (codes) which were grouped into the categories with reference 
letters A - J are listed in Figure 3.8. 
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Figure 3.8. Component “codes” that were coded into each of the categories listed in Figure 3.7 by 
reference letter (A – J). The blank lines indicate a break between two different categories. 
 
3.2.1.2 Broadening the case study area – Online survey 
An online survey (Appendices B and D) was designed to quantify the results 
obtained during the initial interview stage. The survey focused on the specific types of 
information that were determined, during the interview stage, to exhibit various levels 
of usefulness for short- and long-term decision making in viticulture; the factors 
affecting use of these types of information; and the usefulness of different levels of 
complexity of the information. Conducted using the Survey Monkey online tool 
(www.surveymonkey.com), the survey consisted primarily of closed questions, using a 
Likert scale (de Vaus, 2002) and was disseminated Australia-wide. The survey was 
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piloted with interview participants, and revisions to the questions were made based on 
their suggestions, before the survey was disseminated. 
As there are a range of ways to define and measure complexity, the definition to be used 
was drawn initially from the literature review, and was amended through inclusion of 
data from the interview process, in accordance with Layder’s Adaptive Theory (Layder, 
1998). This measure of complexity initially included cost and relevance of information 
provided at specific spatial and temporal scales, but came to include other variables and 
to no longer include cost. For the survey, complexity was explored in relation to the 
usefulness of information for Users in the wine grape sector. A metric of usefulness was 
drawn from analysing the data from the initial wine grape sector interviews. The survey 
was then designed in such a way as to seek clarification and/or confirmation of this 
metric, and to determine whether the theory on complexity needed to be amended. 
Participants (wine grape growers, wine-makers and industry personnel) 
completed the survey between December 2012 and April 2013; however, the final 
number of participants from each of these three groups (wine grape growers, wine-
makers and industry personnel) was not large enough to allow a statistical analysis of 
the three groups within the sample. Of the 182 participants who chose to complete the 
demographic information at the end of the survey, 48 stated their primary occupation to 
be viticulturist (including 18 of whom who were the vineyard manager), 90 were the 
vineyard owner (many of whom also act as viticulturists), 36 were winemakers, 1 was 
an industry personnel officer, and 7 participants listed their primary occupation as 
“other”. The survey was disseminated across Australia by email to 722 vineyards, 
viticultural societies and organisations listed in the Australian Wine grape Growers 
Directory (Goodwood, 2007), of which 515 proved to be valid. Following an initial 
15% response rate (78 participants) in the first month further participants were sought 
by updating the contacts for growers and organisations using the recently released 2013 
version of the (newly named) Australian and New Zealand Wine Industry Directory 
(Major, 2013). The total number of contacts increased to 1486. A total of 231 responses 
were received (a 15.5% response rate), of which 156 of the surveys were fully 
completed (i.e. completion rate of 67.5%). This is believed to be due in part to the 
length and comprehensive nature of the survey (Fan and Yan, 2010). While the response 
and completion rates were lower than the average found in the literature for web-based 
surveys (Cook et al. 2000; Manfreda et al. 2008; Fan and Yan, 2010), the response rate 
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was considered adequate because of similar response and completion rates for other 
similar studies (e.g. Gross, 2007; Verdon-Kidd et al., 2012). 
Survey data were analysed using the online Survey Monkey tool and also 
imported into Microsoft Excel for quantitative analysis and coding of the free response 
data. The results of the interviews and survey are amalgamated in Chapters 4, 5, 6 and 
7. 
 
 
 
3.3  Stage Two: Future climate information Providers’ 
perspectives on usefulness 
 
This research employed a mixed methods approach to explore the perspectives 
of climate information Providers relating to both their interactions with, and provision 
of information to, Users. The study sector is the climate science and science-policy 
community, which is made up of key climate science and science-policy organisations 
and research groups. Due to the distributed nature of this community, together with the 
similarity of the activities undertaken by organisations within the community, the scope 
is worldwide. Unfortunately, too few Providers work strictly on providing climate 
information to Users in the viticulture sector, and as such the Providers are drawn from 
diverse backgrounds. 
In accordance with Layder’s Adaptive Theory approach (Layder, 1998; 
discussed in detail in section 3.1), theories were drawn from the literature regarding: 
general economic theory on value of information; social theory on information 
“uptake”; climate change; viticulture; information needs in agriculture; climate 
modelling; and decision-making in agriculture. These theories were then combined with 
the outcomes of the participatory research, which allowed revision of existing theory 
and the development of new concepts.  
From this literature, several orienting concepts were conceived. The orienting 
concepts were: climate change; resolution of climate information for decision-making; 
co-production of information; decision-sphere; value or usefulness of information; and 
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barriers to engaging with Users. These orienting concepts helped to shape the following 
research questions: 
 What evidence is there that the Providers of climate information are aware of, 
and able to provide, the future climate information that Users need to inform 
their decision making? 
- Do they believe that providing information at a finer resolution is 
useful for their Users?  
 Is co-production of information with Users the norm? 
 What are the barriers to Providers better engaging with their Users, and how 
might those barriers be overcome? 
 
These orienting concepts and key research questions, developed from extensive 
reviews of the literature, were then used in empirical work, which consisted of 
conducting interviews with Providers of climate information. This data was then 
analysed thematically and using the orienting concepts. The initial orienting concepts 
were then refined using the data obtained during the interview phase. These findings 
were then related back to the relevant literature. The findings were also used to develop 
a survey to clarify and quantify the results of the interviews and potentially to also 
refine the theory again. 
3.3.1 Data collection 
A combination of sampling strategies was used to select participants to be 
involved in the research. Purposeful sampling was used initially to select climate 
science and science-policy groups as the appropriate avenue through which to find the 
target groups (climate scientists and science policy researchers). This sampling method 
involves taking samples within samples (Patton, 2002: 240). In this case, individuals 
were identified from the larger sample populations of climatologists and other scientists 
who provide climate information. Following this, snowball (also known as chain) 
sampling (see section 3.4.1.) was used to find key people who were active within the 
fields. During interviews, the interviewee was asked if there were any other people they 
would recommend for the interviewer to contact. Purposeful sampling was also used to 
identify participants for the survey, as were existing contacts and internet searches using 
relevant key words. Existing contacts and these potential participants were emailed 
(usually through existing contacts) with information about the research and invited to 
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contact the researcher if they were willing to participate, or willing to distribute the 
survey. 
Owing to the small number of Providers working with the viticulture sector, it 
was not possible to only consider those Providers in this research. The Providers who 
partook in this research work with Users from multiple sectors, and only some of them 
work specifically with Users in the viticulture sector. As a result, the findings must be 
considered as an exploration of information provision in some viticultural and other 
sectors, rather than necessarily being representative of happenings solely within the 
viticulture sector, or as being representative of information provision across all 
viticultural regions. 
 
3.3.1.1   Semi-structured interviews 
Thirteen initial in-depth, semi-structured interviews were conducted, 
representing a selection of climate scientists and science-policy researchers based in the 
United States, the United Kingdom, and Australia. The aim of these interviews was to 
explore the perceptions of this community regarding the usefulness of the future climate 
information that is currently provided to Users. The design of the interview questions 
was based on prior data gathered from interviews with Users in viticulture. The 
interview questions were pilot tested with three climate information Providers, as well 
as with two experts in interview design and analysis. 
The interviews were conducted in person in the United States and Australia (five 
participants and five participants respectively) and using Skype (internet conference call 
with video) with participants in Scotland and Australia (one participant and two 
participants respectively). The first of the interviews was conducted in May 2012, and 
the final interview was conducted in October 2012. 
Interview participants were asked a selection of questions (Appendices A and C) 
relating to the types of future climate change information being produced and/or 
provided by the scientists, the User group(s) that the scientists work with, the usefulness 
of the information provided to those groups, whether the information sought by Users 
was available, achievable and necessary, what type of engagement the scientists had 
with their Users, and the barriers that may prevent them from providing the information 
that their Users need. The ordering and wording of the questions differed between 
interviews because of the need for flexibility of interview technique to accommodate the 
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different personality traits of the interviewees (e.g. some required fewer probing 
questions) as well as the fact that different questions emerged over time (Briggs, 1986). 
Interview data was analysed using the same method described in section 4.1.1.1 
above, using the NVivo program. The thematic networks analysis produced 116 basic 
‘codes’ or themes, which were then grouped into categories (organising themes; Attride-
Stirling, 2001) and linked together to find the key messages (global themes; Attride-
Stirling, 2001). These themes and their categories are illustrated in the ‘thematic 
network’ maps in Figures 3.9 and 3.10. This network was described and explored, and 
then summarised, in accordance with the method set out by Attride-Stirling (2001). 
Finally, the patterns evident in the thematic network were interpreted to show the key 
findings relevant to the research questions. Using Layder’s Adaptive Theory (Layder, 
1998), these themes were then linked back to the key questions of the research and the 
results situated within the discourse of co-production. 
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Figure 3.9. Key messages and categories drawn from coding of the viticulture interview data; note that the 
basic themes (codes) which were grouped into the categories with reference letters A - O are listed 
in Figure 3.10. 
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Figure 3.10. Component “codes” that were coded into each of the categories listed in Figure 3.9 by 
reference letter (A – O). The blank lines indicate a break between two different categories. 
 
3.3.1.2 Online survey 
An online survey (Appendices B and D) was designed, using the Survey 
Monkey online tool, to help quantify the results obtained during the initial interview 
stage. Analysis of the initial interviews was used to inform the design of the survey, 
which focused on the information determined to be important during the interview 
stage, as well as comparisons with the results from the previous survey of Users in 
viticulture in Australia. The survey consisted primarily of closed questions using a 
Likert scale (de Vaus, 2002). The survey was disseminated via email and through 
climate networks across the world, however, the final number of participants remained 
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low. This is believed to be a result of the small number of practitioners active in this 
area. 
Participants were people involved in producing and/or providing climate science 
information around the world. The survey was emailed out in April 2013 (with follow 
up emails until July 2013) to existing networks of the Australian Meteorological and 
Oceanographic Society, CLIMLIST (based in the US, but with worldwide subscribers; 
http://climlist.wku.edu/) and to existing contacts. The total number of survey 
respondents was 120, but the completion rate was just under 50%. This is believed to be 
due in part to the self-selecting nature of the survey for participants who did not provide 
information to Users and in part to the fact that there is only a relatively small 
community of people working in this area globally.  
The survey data were analysed using the online Survey Monkey tool, and using 
Microsoft Excel for quantitative analysis. The free response data were coded in Nvivo. 
Several graphs were extracted from the data. The data were compared with the key 
findings from the initial interviews as well as the research questions, in accordance with 
Layder’s Adaptive Theory, to determine whether any new insights had been gained with 
which to revise and whether the additional data supported the existing theory. The 
results of the survey were also compared to the results of the previous survey of Users 
in viticulture. 
The results of the interviews and the survey are amalgamated in Chapter 5, 
while the comparison with the previous survey is presented in Chapter 6. In analysing 
these results it is important to recall the different socio-political and environmental 
circumstances in the different countries in which the participants are based and the 
limits to which this information can be extrapolated. These results are primarily driven 
by participants in developed countries with stable governments but governments which 
are not particularly leaders in environmental policy. 
 
3.4  Stage Three: Comparison between Users’ and 
Providers’ perceptions of usefulness 
 
The data from the two surveys (one with Users of future climate information and 
one with Providers thereof) were analysed to compare the perspectives about the 
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usefulness of types of future climate information held by the Users to those of the 
Providers of the information. Several graphs were produced to allow direct comparison 
of User and Provider responses. A table was also constructed to compare the core 
comparable themes discussed in the interviews and surveys by both the Users and the 
Providers of future climate information. The table (see Chapter 5, Table 5.1 and Chapter 
8, Table 8.1) was used to explore whether the opinions of the Users and Providers 
aligned for each theme. Then the analysis was situated and discussed in the context of 
the relevant literature.  
 
3.5  Stage Four: Follow-up survey with participants in 
the initial viticulture case study area 
 
Analysis of the data about User and Provider perspectives was conducted to 
refine the theory that long-term future climate information needs are met by information 
from climate models with temporal and spatial scales of decades, in accordance with the 
Adaptive Theory approach (Layder, 1998). From this analysis three issues emerged that 
were discussed by Providers but that had not arisen during the interviews and survey 
conducted with Users. These issues were added to the key research questions. To 
complete the analysis, a small follow-up survey (Appendices B and D) was therefore 
conducted with participants (Users) involved in the initial viticultural case study district. 
The three issues addressed in the follow-up survey were:  
 co-production and engaging with Users; 
 barriers to co-production and engaging with Users; and  
 how to bridge the gap (between supply of, and demand for, climate information). 
The process of re-surveying these Users and adding to the key research 
questions during the data collection process followed the Adaptive Theory approach, 
which calls for an iterative process of data collection and analysis (Layder, 1998). The 
follow-up survey was piloted with several previous survey participants as well as with 
three academics in the field of survey design and analysis. 
Previous participants were emailed and asked if they would participate in the 
survey. They were also asked to recommend whether there were any other people they 
knew in the viticulture industry in the District who might be willing to participate. The 
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survey was sent out in hard copy to all willing participants (nine in total; as three 
participants were unable to participate for personal reasons) in November and 
December 2013. Eight of the nine participants responded due to the approach taken for 
contacting participants, however due to the very small sample size, the results of this 
survey are strictly exploratory. This survey was not intended to provide data for 
definitive analysis of the population, but rather an indication of the range of opinions of 
a target group. However, the opinions held by this group during the initial interview 
stage (Stage One of the research, see section 3.4) were upheld by their fellow 
viticulturists in other Australian districts as shown in the results of the primary survey 
(Stage One; see section 3.4; results presented in Chapter 4).  
As part of the follow-up survey with viticulturists, participants were asked to 
draw on the graphs presented to them to indicate how useful they would find possible 
scenarios of the future climate a particular number of years from present day. This was 
done to achieve the additional objective of the follow-up survey: to further explore the 
useful timeframes and spatial scales over which climate information is presented to 
these Users. 
 
3.6 Chapter summary 
 
This chapter has presented the methodology employed in the research; the 
overall approach used to conduct the four stages of the research project (Layder’s 
Adaptive Theory); and has provided a detailed explanation of the methods used 
(interviews and surveys) for each stage of the research project to address the key 
research questions of the thesis. 
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Chapter 4: Demographics and attitudes 
towards future climate information and 
climate change 
 
This chapter presents some of the demographic information about the User 
survey participants, as well as results from the viticulture survey about these Users’ 
attitudes towards climate change and future climate information, to better contextualise 
the results chapters that follow. 
 
4.1 Basic demographic information 
 
The majority of survey participants were from South Australia and Victoria, 
with smaller percentages of participants from New South Wales, Western Australia and 
Tasmania (Figure 4.1). This is generally in-line with the comparative percentage of 
wine grape businesses in each State (Figure 4.1). 
 
 
Figure 4.1. The percentage of survey participants from each Australian State and Territory, as well as 
the proportion of wine grape businesses represented from each State and Territory. Please 
note that participants from the Canberra District (incorporating the Australian Capital 
Territory) were interviewed for the initial interview phase of the research, and as such 
were not included in the survey responses. The Northern Territory does not produce wine 
grapes. (n = 152) 
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Almost half of the vineyards in the sample were less than ten hectares in size; 
thirty-two per cent were between eleven and fifty hectares; twenty per cent were 
between 51 and 200 hectares, with two percent of vineyards that were between 201 and 
1000 hectares, and one outlier who managed 1100 hectares of vineyards for a company 
(Figure 4.2).   
 
 
 
Figure 4.2. The percentage of vineyards of each size in the survey data. (n = 138) 
 
Almost half of the survey participants were aged over sixty; twenty-five per cent 
of survey participants were aged sixty-five or over, and twenty-three per cent of 
participants were aged between sixty and sixty-four (Figure 4.3).  
Forty-three per cent of participants were aged between forty and fifty-nine; 
while only nine per cent of participants were aged between twenty-five and thirty-nine 
(Figure 4.3). The majority (84%) of survey participants were male, with only sixteen 
per cent female participants. 
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Figure 4.3. The percentage of viticulture survey participants within each age category. (n = 159) 
 
4.2 Attitudes towards climate change analysed by 
demographic characteristics 
 
Fifty-nine per cent of participants agreed or strongly agreed that climate change is 
occurring in their region, while fifty-one per cent agreed or strongly agreed that humans 
are the primary cause of recent climate change. The belief that climate change is 
occurring is generally in-line with the wider Australian public, the majority of whom 
believe that climate change is occurring, but who have mixed opinions about the causes 
of climate change (Leviston and Walker, 2012). 
Twenty-seven per cent of participants neither agreed nor disagreed that climate 
change is occurring in their region, while only ten per cent of participants disagreed or 
strongly disagreed. Thirty per cent of participants neither agreed nor disagreed that 
humans are the primary cause of recent climate change and fifteen per cent disagreed or 
strongly disagreed. The remaining participants were ‘unsure’.  
Leviston et al. (2011) found a relationship between participants’ belief in 
climate change and their gender. Further, the results of Whitmarsh (2011) indicated that 
men are more likely to be sceptical about climate change than women. Because of this 
literature indicating that the gender of participants may influence their attitudes towards 
climate change, participants’ responses to the statement “I believe that humans are the 
primary cause of recent climate change” were analysed by gender of the participants 
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(Figure 4.4). Unfortunately, however, there were not enough females in the sample to 
test for statistical significance of the results..   
Greenhill et al. (2013) conducted a survey assessing Australians’ beliefs about 
climate change and found that participants gave different responses depending on 
whether the question did or did not allow them to choose the option of believing in a 
mix of both natural and anthropogenic climate change. 
 
Figure 4.4. The responses of female and male participants to the statement “I believe that humans are 
the primary cause of recent climate change”. (n = 154; of which, female = 24) 
 
Participants’ responses to the statement “I believe that climate change is 
occurring in my region” were also analysed by age of the participants (Figure 4.5). 
Although some differences were seen between age groups, the sample sizes of each age 
group were not large enough to test for statistical significance. 
The results of this study can neither confirm nor deny a relationship between a 
participant’s age and their belief in climate change. However, Leviston et al. (2011) 
found that there is no relationship between participants’ belief in climate change and 
their age; while Whitmarsh (2011) found that older people are more likely to be 
sceptical than younger people. 
There was a clear message from participants about adapting to climate change. 
Fifty-eight per cent of participants indicated that they believe they need to take 
measures to adapt to climate change now. Twenty per cent indicated that they do not 
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believe they need to act now, while twenty per cent were neither for nor against and the 
remainder were ‘unsure’. These results were also analysed by age of the participants 
(Figure 4.6). A larger proportion of participants aged sixty-five and over agreed or 
strongly agreed that they “do not believe that they need to take measures to adapt to 
climate change now” compared to the younger age groups; however, due to the small 
representation of some of the age groups within the sample, this result cannot be tested 
statistically. 
 
Figure 4.5. The responses of participants of different age groups to the statement “I believe climate 
change is occurring in my region”. (n = 153) 
 
 
 
Figure 4.6. The responses of participants of different age groups to the statement “I do NOT believe 
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that I need to take measures to adapt to climate change now”. (n = 155) 
Less than a third (28%) of participants indicated that they would need to see 
more climatic changes before they would consider taking measures to adapt to climate 
change, while fifty-four per cent of participants indicated that they agreed or strongly 
agreed that in their region current viticultural practices need to be adapted in light of 
climate change. Seventy-eight per cent of participants agreed or strongly agreed that 
they expect the climate in their area to change over the next 10-20 years (only 6% 
disagree or strongly disagreed), but this question was designed only to give an 
indication of participants’ beliefs and concerns regarding climatic changes, and did not 
specify whether these changes would be caused by anthropogenic or natural factors or a 
combination of the two.  
When asked about changes that adaptation would require, eighty-two per cent of 
participants agreed or strongly agreed that at some point in the future they will have to 
change some of their existing management practices to adapt to changing climatic 
conditions; but only forty-two per cent agreed or strongly agreed that at some point in 
the future they will have to change the mix of varieties that they grow to adapt to 
changing climatic conditions. Thirty-five per cent said that they neither agreed nor 
disagreed and nineteen per cent indicated that they disagreed or strongly disagreed. The 
size of the vineyard(s) managed by each participant were compared to the participant’s 
opinion about whether they would need to change grape varieties to adapt to climate 
change (Figure 4.7). No significant results were found between the attitude toward 
changing varieties and the size of each vineyard area. 
 
Figure 4.47. A comparison between the size of the vineyard(s) managed by each participant and the 
participant’s attitude towards whether or not grape varieties will need to be changed to 
adapt to climate change. The larger, darker circles indicate larger numbers of participants 
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who manage vineyards of that size. (n = 134) 
 
These attitudes towards whether or not grape varieties will need to be changed to 
adapt to climate change also support the results of earlier research (Anderson et al., 
2012; Webb et al., 2013) that the majority of Users in the viticulture sector believe that 
they will use management practices to adapt rather than more transformative actions. 
The majority of participants also believe that they will have adequate time to adapt to 
climate change (63%); that they have the resilience necessary to adapt to climate 
change, including knowledge about their site(s), management practices, understanding 
of the optimum growing conditions for certain varieties, and support networks (75%); 
and that they will be able to adapt to changes in climate as they occur, for example by 
grafting over to different grape varieties (60%). Only five per cent, seven per cent and 
five per cent of participants disagree or strongly disagree to each of the three statements 
respectively. 
 
4.3 Trusted sources of future climate information 
 
Interviewees expressed considerable distrust or misunderstanding of future 
climate information and its sources. Trusted sources of long-term future climate 
information varied between interviewees. Most interviewees placed their trust in 
scientific (peer-reviewed) journal articles. This may be related to many of the 
interviewees having scientific backgrounds. However, the preferred way to receive such 
information was through existing contacts, such as extension officers who were already 
engaged with the growers. Even when they recognised and trusted peer-reviewed 
journal articles, there was a tendency not to focus on them. As Interviewee 10 
explained: 
…I don’t read specific periodicals or papers on climate change… I’m interested in the  
science, but, having said that, I don’t spend very much time learning about what the  
argument is, and the reasons for and against. And I probably should, but I don’t.  
 
Information about future climate change was seen as being best delivered during 
pre-organised face-to-face interactions, such as information days about new potential 
varieties. This way the climate information could form part of a broader overview of 
needs and possible outcomes. It also would not take time away from other aspects of the 
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business, and would achieve multiple outcomes with minimal effort. The international 
context (the Market) and the grape-variety context were also considered significant and 
influential to decision-making. John Gladstones’ earlier book “Viticulture and the 
Environment” (Gladstones, 1992) was generally seen as a trusted source of information 
about the climatic regions and other conditions for wine grape growing in Australia. 
The climatic information contained in this book is, however, now over twenty years old.  
Participants were split almost equally between those who agreed or strongly 
agreed (34%) and those who disagreed or strongly disagreed (33%) that they trust the 
sources of future climate information. Thirty-two per cent of participants indicated that 
they neither agreed nor disagreed and one per cent responded “don’t know”. 
Participants’ responses were then analysed by age group, and also by highest level of 
education attained (Figures 4.8 and 4.9). This finding is important because past research 
confirms that people tend to reject information from sources they consider unreliable 
(Malka et al., 2009). If a decision maker does not trust the source of the information, 
then they will not act on the information. Which creates a potential problem when 
adaptation to climate change is needed. 
Figure 4.8 shows survey participants’ responses to the statement “I do NOT trust 
the sources of future climate information” analysed by age categories. It indicates that 
the majority of participants of the age groups 30-34, 35-39 and 45-49 either disagreed or 
strongly disagreed, thus indicating that they do in fact trust the sources of future climate 
information.  
In the 45-49 age group, twice as many participants agreed or strongly agreed that 
they do NOT trust the sources as those that disagreed (Figure 4.8). Opinions of 
participants aged 55 and over were split between levels of agreeing, disagreeing and 
neither agreeing nor disagreeing; while almost half of the participants aged 50-54 
neither agreed nor disagreed with the statement. All of the participants aged 25-29 
agreed that they do NOT trust the sources of future climate information, but this was a 
very small sample size.  
Figure 4.9 shows survey participants’ responses to the statement “I do NOT trust 
the sources of future climate information” analysed by highest level of education 
attained by the participants. Participants who had only attended primary school had the 
highest proportion of neither agreeing nor disagreeing (67%); while the remaining third 
of that sub-group strongly agreed with the statement. 
70 
Miriam Dunn User and Provider perspectives... 70 
 
Figure 4.58. The responses of survey participants of different age groups to the statement “I do NOT trust 
the sources of future climate information”. (n = 108) 
 
 
Figure 4.69. The responses of survey participants to the statement “I do NOT trust the sources of future 
climate information” analysed by level of highest educational achievement. (n = 155) 
 
Participants who had completed undergraduate or postgraduate university 
degrees showed similar combined levels of disagreeing and strongly disagreeing with 
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the statement (approximately 40% in each case), indicating that they do in fact trust the 
sources of future climate information (Figure 4.9). However, many more participants 
who had attained postgraduate degrees strongly agreed (approximately 20%) than did 
participants who had attained undergraduate degrees (<5%).  
Participants who had completed the fourth year of high school and participants 
who had completed high school had similar levels of combined disagreement or strong 
disagreement with the statement (approximately 30%), however, a much larger 
percentage of those who had completed the fourth year of high school agreed or 
strongly agreed with the statement (50%) compared to those who had completed high 
school (approximately 20%). Participants who had completed the fourth year of high 
school and those who had completed a TAFE diploma or trade certificate (or 
equivalent) indicated the highest combined proportions of agreement and strong 
agreement with the statement, indicating that they do not trust the sources of future 
climate information. Those participants who indicated that they had completed “other” 
levels of education were evenly split between strongly agreeing with the statement and 
neither agreeing nor disagreeing (Figure 4.9). This was, however, a very small sample, 
which influenced the trends in the results. 
To gain further insight into trusted sources of climate information, participants 
were asked to select the sources from which they trusted to receive climate information. 
They responded that the most trusted source of climate information was the scientific 
community (97% of participants trusted it), followed by scientific (peer-reviewed) 
journal articles (trusted by 56% of participants) and other viticulturists (trusted by 44%) 
(Figure 4.10).  
Participants’ responses were then analysed by age group (Figure 4.11). The 
majority of the initial interviewees had backgrounds in scientific research, and therefore 
it was not surprising that they read, and placed high levels of trust in, the scientific 
literature. However, this result was not expected to represent the viticulture sector at 
large, because the survey participants had a much wider range of backgrounds and the 
majority of participants did not have scientific backgrounds. Despite these varied 
backgrounds, Figure 4.11 shows that the scientific community and scientific (peer-
reviewed) journal articles were the most trusted sources of climate information across 
all but the youngest age group. 
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Figure 4.710. The most trusted sources of climate information according to these Users in viticulture. 
Please note that participants were asked to select however many sources they trusted, hence 
the total does not add up to 100 per cent. (n = 152) 
 
 
Figure 4.811. The most trusted sources of future climate information according to participants of 
different age group. (n = 152) 
 
Over a third of participants (35%) disagreed or strongly disagreed that their 
preferred way of receiving climate information is through existing contacts they have in 
the industry. Twenty per cent agreed and strongly agreed, while approximately forty-
two per cent neither agreed nor disagreed. Thirty-eight per cent of participants agreed or 
strongly agreed that they would prefer to receive climate information during organised 
gatherings, such as information days run by agricultural extension officers. Nineteen per 
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cent disagreed or strongly disagreed, while forty per cent neither agreed nor disagreed. 
A small percentage responded “don’t know” (3% and 2% respectively). 
Forty-nine per cent of participants agreed and sixteen per cent strongly agreed that 
it is important that the time involved in obtaining future climate information does not 
take too much time away from other aspects of the business. Only eleven per cent of 
participants disagreed and one per cent strongly disagreed; indicating that the majority 
of participants see climate as a small part of their decision space. This finding supports 
the idea that a decision-centred, rather than climate-centred approach to providing future 
climate information is more likely to be useful to these Users’ decision making. 
 
 
4.4 Willingness to pay for future climate information 
 
Interviewees generally responded that they would not be willing to pay for more 
precise future climate information, specific to their locality. Some interviewees 
expressed a willingness to pay a small, one off payment to sign up to a service which 
would provide more localised information (and indeed some were already using 
Cumulus weather software (Sandaysoft, 2007)), and/or specific warnings, but mostly 
this was for the short-term. But cost-free options were always considered preferable and 
more viable given the many other cost constraints on achieving profit margins. This 
preference for cost-free options indicates a low perceived value of the information, 
because if Users perceived it to be very useful (valuable), they would be more willing to 
pay for it (Rollins and Shaykewich 2003; Frisvold and Murugesan 2011). 
A total of forty-one per cent of survey participants either agreed or strongly 
agreed that they would be willing to pay a fee to sign up to a service which provided 
them with localised near-term future climate information. Thirty-one per cent of 
participants either disagreed or strongly disagreed. However when they were asked 
about their willingness to pay for localised long-term future climate information, a 
higher percentage of participants disagreed or strongly disagreed (total 37%) than 
agreed or strongly agreed (28%). 
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The finding that less than half of the survey participants were willing to pay a 
small, one-off payment to sign up to a service which would provide more localised 
information and/or specific warnings for the short-term (and that even less were willing 
to pay for long-term information) indicates a relatively low perceived value of the 
information. This is strengthened by the fact that cost free options were always 
considered preferable and more viable given the many other cost constraints on 
achieving profit margins. However, according to Sherrick et al. (2000), this level of the 
Users’ willingness to pay for climate information does not necessarily accurately reflect 
the value of the information, owing to the fact that the Users may have less than 
accurate recollections of prior climatic events, which may lead them to undervalue the 
available information. This assertion is drawn from research involving a survey of large 
producers in the mid-Western United States, which concluded that overstating the 
occurrences of adverse events, and understating the occurrences of favourable ones was 
common among Users (Sherrick et al., 2000). 
 
4.5 Future viability of the viticulture sector in the 
Canberra District 
 
Viticulture interview participants expressed the belief that the sector will be viable 
under future climate change. But the view often expressed was that, at some point in the 
future, some change to existing practices will be necessary to adapt to changing climatic 
(and other – such as market and consumer preference) conditions. Generally this change 
was seen as being along the lines of grafting over to different varieties which are better 
suited to the climatic conditions and which also have a high degree of market 
acceptance. For example, Interviewee 3 made these comments about the willingness in 
the district to plant new varieties because of the changing climate: 
…there was a mataro vineyard here planted in the I think late seventies, which never did well,  
it was in a very frosty cool site, and so people sort of ruled that one out, but now that they think  
the climate’s changing they’re more willing to take the risk on that, but only at a small level, 
they’re not planting large hectares of these varieties. 
 
I think a lot of it would be other factors, like driven by the market, what varieties sell… but  
climate change, or climate, and what’s possible in a given climate, and a changing climate,  
would always be a part of the decision, probably ten to twenty per cent. 
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These views are supported by the results of the survey, which found that eighty-
five per cent of participants agreed or strongly agreed that they will still be able to 
produce quality wine grapes in their region in the long-term future (10-20 years from 
now). Participants’ responses to statements about the need to change practices in light 
of climate change are shown in Figure 4.12.  
 
Figure 4.912. Viticulture survey participants’ responses to statements about the need to change 
practices in light of climate change. (n = 152) 
 
Over fifty per cent of participants agree or strongly agree that current viticultural 
practices in their region need to be adapted in light of climate change (Figure 4.12). A 
much larger percentage (82%) of participants agree or strongly agree that at some point 
in the future they will have to change their existing management practices to adapt to 
the changing climate; however, only forty-two per cent of participants agree or strongly 
agree that they will have to change the mix of varieties grown.  
Interviewees believe they have the resilience – encompassing the knowledge 
about their site(s), management practices, understanding of the optimum growing 
conditions for certain varieties, and the support networks – necessary to undertake the 
adaptation described above. Seventy-six per cent of survey participants either agreed or 
strongly agreed with this view. These Users in viticulture believe that they will have 
adequate time (which they see as being a couple of years) to undertake these adaptation 
options (63% of participants agreed or strongly agreed and only 6% of participants 
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disagreed or strongly disagreed); and that they possess the ability necessary to adapt to 
changes as they occur, by, for example, grafting over to a different grape varietal (60% 
agreed or strongly agreed and only 5% disagreed or strongly disagreed). 
It is possible that participants’ beliefs, that their enterprises are viable in their 
current location in the future, is influenced by the size and financial capacity of their 
enterprises. Most of the vineyards in the Canberra District are modest in size compared 
to those in large and long-established viticultural areas, such as the Barossa in South 
Australia. The smaller size of these growers’ vineyards may be influencing their belief 
of their ability to manage the change, and the necessity in future to do so. This finding 
supports that of Nicholas and Durham (2012), that growers have the resilience to 
undertake adaptation. However, some larger enterprises, such as Brown Brothers, have 
made pro-active moves. For example, rather than focusing only on climate change 
management strategies for vines in existing locations, they have purchased land in 
different regions which are projected to become optimum growing areas climatically for 
some grape varieties which will become unviable in their current growing regions 
(Hooke, 2013; Milman, 2013). But the financial circumstances of smaller enterprises 
may not make this a viable option, which may be resulting in a bias towards greater 
optimism about the future viability for their region. 
Along with shifting viticultural areas further south and changing the mix of 
varieties grown, other potential adaptation options for viticulture, given the climate 
change projections for this region, may include: the application of genetically modified 
materials; new strategies to deal with diseases such as Phylloxera; and the introduction 
of non-local grape varieties (Anderson et al. 2008). 
4.6 Chapter summary 
 
This chapter has presented the background demographic and attitudinal 
information about viticulture User participants. It has provided basic demographic 
information of participants, as well as analysing some of the attitudes towards future 
climate information by demographic factors. The willingness of these Users to pay for 
information and their perspectives as to the future viability of the sector have also been 
presented and discussed briefly. The key findings of this chapter are: 
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 The majority of survey participants were from South Australia and Victoria, 
with smaller percentages of participants from New South Wales, Western 
Australia and Tasmania; 
 Almost half of the survey participants were aged over sixty; 
 Eighty-four per cent of survey participants were male; 
 Almost half the vineyards in the sample managed by participants were less than 
ten hectares in size; 
 The majority of participants indicated that they believe that climate change is 
occurring in their region and that they need to take measures to adapt to climate 
change now; 
 Almost all (97%) of the participants indicated that they trusted climate 
information received from the scientific community, such as the CSIRO or 
Bureau of Meteorology; just over half of the participants trusted information 
from scientific (peer-reviewed) journal articles and a little under half of the 
participants trusted information received from other viticulturists; 
 Less than half of the survey participants were willing to pay a small, one-off 
payment to sign up to a service which would provide more localised information 
and/or specific warnings for the short-term (and even less were willing to pay 
for long-term information), indicating a relatively low perceived value of the 
information; and 
 The majority of User participants believe that the wine grape sector will be 
viable under future climate change; but they often express the view that, at some 
point in the future, some change to existing practices will be necessary to adapt 
to changing climatic (and other – such as market and consumer preference) 
conditions. 
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Chapter 5: User perspectives from a 
viticulture case study 
 
This chapter presents the background and results of the viticulture case study, 
including part of the results from the viticulture follow-up survey. The results from the 
remainder of the viticulture follow-up survey are presented in Chapter 6, which 
addresses the idea of co-production of information between Users and Providers. The 
viticulture case study presents analysis of the types of future climate information that 
Users (members of the viticultural industry) believe is useful to their decision making. 
The objectives of this stage of the research are to address key research questions 1 and 2 
and sub-questions 5 and 7 (see section 1.2): 
 What kind/s of future climate information, and how much information, is needed 
to inform both the planning for, and processes of, decision making for 
adaptation in the wine grape sector?  
 What is the relationship between the complexity of climate change information 
and the usefulness of that information for decision making for Users in this 
sector? (I.e. is there a trade-off between complexity and utility of the climate 
information?) 
 At what spatial and temporal scales will future climate information be needed by 
Users; and are certain spatial and temporal scales more useful than others? 
 Does the type of information or the complexity of the required information 
change between short- and long-term decisions within the sector? 
 
The results presented in this chapter provide both analysis of the interviews 
conducted in the Canberra District in south eastern Australia with Users, and analysis of 
the survey conducted subsequently throughout (wine grape) viticultural regions across 
Australia (as outlined in Chapter 3: Methods, section 3.4). This chapter also presents 
part of the further stage of data collection conducted with Users in the initial viticulture 
study region (see Chapter 3: Methods, section 3.7), conducted to address a gap that was 
recognised post-analysis in the data used for comparison between User and Provider 
perspectives. 
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After analysis of the interview and survey data from Users and Providers (Stages 
One and Two), there remained three issues on which Users’ opinions had not yet been 
ascertained for comparison (Table 5.1).  
Table 5.1. Comparison of characteristics deemed useful for Users by representatives in 
viticulture and Providers of climate information to User groups. 
 
Issue Users in viticulture say Providers of climate info 
say 
Do User/Provider 
perspectives align? 
Types of information 
provided 
For long-term want 
information in form of 
homoclimes 
Cautious but some provide Somewhat 
Spatial scale of 
information 
35% say currently not 
right scale for them; want 
information over size of 
growing regions 
Regional (most specify 
growing regions) 
Yes 
Temporal scale of 
information 
Growing season to 1 
year; max 5-20 years for 
long-term decisions 
Users want current season 
or near-term; max. 10 
years in health, 20 in 
viticulture & 50 in water; 
gap exists in what can be 
provided for short-term 
info 
Somewhat; 
Providers are in 
touch with what 
Users want, but not 
able to provide it all 
Finer resolution 
information 
Useful only to a point 
over the long-term; want 
more over the short-term 
Useful only to a point over 
the long-term 
Yes 
Co-production and 
engaging with Users 
??? Improving but different 
amounts in different 
sectors 
??? 
Barriers to 
co-production and 
engaging with Users 
??? Time and effort; 
incentives; funding; 
different timeframes for 
results; worldviews 
??? 
How to bridge the gap ??? Dialogue from outset; 
existing decision spheres; 
flexibility in organisations 
& institutions 
??? 
 
 
 
These issues had not arisen during the initial interviews and survey with Users, 
but arose during the later interviews with Providers, and hence were not able to be 
integrated into discussions with Users. The objective of this part of the research was to 
address this gap in the data through a small, follow-up survey with participants from the 
initial viticultural case study district, in accordance with the Adaptive Theory approach 
taken (discussed in Chapter 3: Methods). The three issues that the follow-up survey was 
used to address are (see key research questions 4 and 8 in Chapter 1: section 1.2):  
 co-production and engaging with Users;  
 barriers to co-production and engaging with Users; and  
 how to bridge the gap between supply of, and demand for, climate information. 
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The follow-up survey was also used to further explore whether or not a 
relationship exists between the spatial and temporal complexity of future climate 
information and the usefulness of that information. The results of this piece of the 
analysis are presented in this chapter. 
 
5.1 Background 
 
South-eastern Australia is home to a significant proportion of both Australia's 
population (10%; ABS, 2008) and irrigated and dryland agricultural production (65% or 
1.65 million ha and 20% or 87.17 million ha respectively; ABS, 2008). Australia’s 
largest proportion of wine grape production (48% - producing approximately 768 000 
tonnes annually) is in South Australia, followed by New South Wales (29%), Victoria 
(18%), and Western Australia (4%), with Tasmania, the Australian Capital Territory and 
Queensland each producing less than 1% (Figure 5.1) and the Northern Territory not 
producing wine grapes (ABS, 2012).  
 
Figure 5.1. Tonnes of wine grapes produced in Australia per state in the 2011-2012 season (data 
from ABS, 2012). 
 
Viticulture, for wine production, is strongly dependent upon climatic conditions 
because different grape varieties grow best within particular temperature and rainfall 
ranges (Gladstones 1992, 2004), and because the quality and quantity of wine grapes, 
and hence the value of each wine vintage, is strongly affected by the climatic conditions 
under which the grapes are grown (Gladstones, 2004; Webb et al., 2008). This 
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dependency, along with the long-lived nature of the vines, makes the wine grape 
industry vulnerable to climate change (Webb et al., 2010). Because of the long-term 
investment in the vines (Webb et al., 2010; Lereboullet et al., 2013), climate 
information over timeframes of decades and longer is relevant to the future viability of 
the sector. 
Climates throughout wine-producing regions of the world, including Australia, 
have changed over the past 50 years (Jones et al., 2005; Webb et al., 2011). Many of the 
current wine grape regions are likely to decrease in area in coming decades – largely 
due to warmer growing seasons pushing varieties beyond their optimum growing 
conditions (Jones et al., 2005; Webb et al., 2011) – if climate change adaptation 
strategies are not implemented (e.g. Hall and Jones, 2009; Diffenbaugh et al., 2011; 
Lereboullet et al., 2013). Recent trends in south eastern Australia show increasing 
temperatures and reduced rainfall, and model projections indicate that conditions in this 
region are likely to become hotter and drier in coming decades (Watterson et al., 2007; 
CSIRO and Australian Bureau of Meteorology, 2012). While the viticultural sector is 
practised at adapting to climate variability, climate change poses previously unforeseen 
and relatively rapid changes, and thus research is required to assess the characteristics of 
climate information needed to inform strategic management decision making in this 
high value industry, particularly as vine longevity increases wine grape business’ 
vulnerability to changing temperature and rainfall regimes (Jones and Storchmann, 
2001). 
While long-term strategic planning is inherent in the viticulture industry, 
decision-makers within the industry also retain the shorter-term focus associated with 
agricultural management more generally (Meinke et al., 2009). This shorter-term 
planning is needed to ensure a profitable and hence viable business in the short-term. 
Future climate information, where available, can assist very big decisions around 
investment (such as irrigation, buying new properties or selling existing properties). As 
the future viability of viticulture at any location depends in part upon the ability of the 
sector to adapt to climate change (Diffenbaugh et al., 2011), this chapter addresses the 
questions:  
 What kind of future climate information, and how much information, is needed 
to inform both the planning for, and processes of, adaptation?  
 At what spatial and temporal scales will future climate information be needed? 
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 Is information at these spatial and temporal scales currently being produced and 
adequately disseminated?  
 
5.2 Results 
 
5.2.1 Climate information for decision making 
Members of the viticulture sector in both the initial case study region and the 
wider viticultural sector across Australia require different types of information 
(including information over different spatial scales) depending on the application and 
whether they are making short- or longer-term decisions (Figure 5.2 and Table 5.2).  
 
Figure 5.2. Synthesis and overview of key findings relating to spatial and temporal scale of useful 
future climate information for shorter- and longer-term decision making. 
 
The usefulness of short- versus longer-term climate information is highly 
decision sensitive and context dependent. In general, shorter-term climate information is 
viewed as being more important than longer-term information, and participants are 
primarily concerned with the prevailing weather and climate conditions of the current 
season (Table 5.2). Longer-term climate information does play a role in the participants’ 
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decision making, but occupies a smaller part of their decision sphere: For example, only 
twenty-four percent of the survey participants indicated that they are concerned with 
future climate conditions beyond the current season. 
Table 5.2. Combined percentage of survey participants who agreed or strongly agreed with 
each of the following statements, using a Likert scale. The complete list of survey 
questions is presented in Appendix D. 
Statement Combined % of survey participants 
who agreed or strongly agreed with 
the statement 
Shorter-term decisions require different future climate 
information than longer-term decisions. 
75% 
The type of future climate information that is important 
depends on the timeframe within which the decision falls. 
70% 
The type of future climate information that is important 
depends on the type of decision to be made. 
74% 
Longer-term climate information plays a role in decision 
making, but it is less important than short-term climate 
information. 
74% 
Weather and climate information about the near future (a few 
days to a year in advance) is more useful than climate 
information about the far future (more than a year). 
74% 
The time of the season affects which types of climate 
information are most useful. 
81% 
Information about the prevailing weather and climate 
conditions of the current season is the primary concern, rather 
than future climate conditions. 
60% 
 
Interview data showed that information about specific climatic variables (e.g. 
maximum temperature, evaporation and humidity) is useful to these participants in 
viticulture when they are making short-term viticultural management decisions (Figure 
5.3). In the survey, rainfall and maximum and minimum temperature were ranked by the 
majority of participants as the three most useful climatic variables, followed by soil 
moisture, humidity and wind speed (Figure 5.3).   
 
One combination of variables was particularly important in the short-term. It is 
known as the 10-10-24 rule (Magarey et al., 1993): if it is above 10°C and rainfall is 
equal to (or greater than) 10 mm over a 24 hour period, an infection of downy mildew is 
likely (unless protective sprays have been applied). Several interviewees stated that a 
warning system for these conditions would be both important and useful for them. They 
stated that the most useful ways of receiving this information would be on the TV 
weather bulletin and online, and felt it would be similar to the routine sheep grazier’s 
warning. It is likely that participants’ emphasis on this type of information was 
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influenced to a degree by the fact that when these interviews were conducted, the most 
recent growing season (2010/2011) had been a particularly wet one, and infections of 
downy mildew had been common throughout the district. 
 
 
Figure 5.3. Climatic variables ranked by usefulness. Users ranked minimum and maximum temperature 
and rainfall as the most useful climatic variables for decision-making in viticulture. (n = 
120) 
 
Another variable for which prediction is considered useful is frost; a frost 
warning system was considered important, particularly for early in the growing season. 
There is a frost warning system available on the Bureau of Meteorology (BoM) website 
(BoM, 2014c) – but the closest weather stations to these growing areas are at Canberra 
Airport (47 km), Tuggeranong (57 km), Goulburn (94 km) and Braidwood (105 km). As 
frost is a locally-specific phenomenon, these stations are considered to be too far away 
from the vineyards to provide reliable forecasts of frost events. Interviewees expressed a 
preference for receiving frost warnings directly (e.g. sign-up to email alerts), or as 
generalised TV reports on the weather bulletin for specified districts. The general 
consensus was that such warnings are given in other districts, and that if given a 
generalised warning for the district, local knowledge of particular sites could be used to 
interpret the warnings. The ability to translate forecasts for nearby locations to be 
relevant for a particular User’s circumstances can be quite sophisticated, but is more 
limited for some variables.  
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For long-term decision making related to climate change, however, initial 
interview participants stated that homoclimes (otherwise known as climate analogues or 
climate comparisons) would be more useful than information about future changes to 
specific variables such as temperature or rainfall. Homoclimes give an indication of 
what the climate of a region could become like in comparison to the climate historically 
experienced in other growing regions (e.g. the Canberra District climate in south-eastern 
Australia could in future become more like the present climate of Mudgee, located 
further north and inland). Survey participants indicated that both forms of information 
would be useful. The findings of both the initial interviews and the follow-up survey are 
discussed in more detail in the sections below. 
5.2.2 Short-term decision making 
Shorter-term information is generally more useful than longer-term information 
because the principal focus is on the current season and the information needed over 
that timeframe (see Table 5.2). Short-term and long-term were defined through a 
combination of data from the initial interviews and review of the relevant literature. 
Results from the survey reiterated the finding from the initial key-person interviews that 
the types of information that are important depend on both the type of decision to be 
made and the timeframe for that decision (see Table 5.2). 
The lead times at which information is required to assist with shorter-term 
decision making range from weather information on the same day, to climate 
information later in the growing season or up to a year in advance, but generally not 
beyond that. In general, the participants indicated that they require high resolution 
(localised, detailed and short time-frame) information about specific variables for short-
term decision making (such as whether to put on a fungicidal spray before rain, whether 
to prepare for a frost event, or scheduling vine pruning). Eighty-two percent of survey 
participants agreed or strongly agreed with this statement. Furthermore, eighty-three 
percent of participants agreed or strongly agreed that when making short-term decisions, 
information at lead times of a few hours to a few days is preferred. 
For example, when discussing how far into the future information was useful, 
Interviewee 10 stated: 
Not five years in advance, but definitely twelve months in advance, and most certainly six 
months. The closer it is to current time, the more important it becomes …. So it’s all about  
the now, rather than five, ten years. 
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For short-term decision making, information about particular weather and 
climate variables is considered most useful over a spatial scale of within one to ten 
kilometres – “my vineyard” or “the local area” were frequently-used terms in 
participants’ responses during the initial interviews. However, information is still 
considered somewhat useful until the spatial scale covers areas larger than 
approximately 50 km from the vineyard site. It was recognised that it is not always 
possible to obtain such localised information. Information applicable to a broad area, for 
example the state of New South Wales, was considered not very useful. 
5.2.3 Long-term decision making 
Based on the results of the initial interviews, survey participants were asked if 
they were familiar with the terms homoclime or climate analogue. Twenty-seven 
percent of survey participants said that they were familiar with the terms, and sixteen 
percent said that they have seen climate information presented in this way for their 
particular region. Of those sixteen percent, eighty-five percent found the information 
from those particular homoclimes to be useful. When asked why they did or did not find 
the information useful, the participants gave positive responses that can be grouped into 
the terms “comparison of likeness (regions or grape varieties)”, “general interest”, 
“whether to plan new plantings”, “possible extent of change”, “choosing optimal new 
wine styles”, “experience of change” and “other” (Figure 5.4a); and negative responses 
that can be grouped into the terms “not useful”, “not enough data”, “focus on current 
time”, “lack of comparison region”, “mistrust of producer” and “outdated” (Figure 
5.4b). Those survey participants who indicated that they were not familiar with the 
terms were given a brief explanation before answering the question. 
When making long-term decisions (further than one year in the future), 
interviewees stated that they want broader, more easily comparable information 
provided in the context of changes in the wider wine grape sector. This is supported by 
the results of the survey (Table 5.3). After interviewees had discussed the types of 
future climate information that they considered useful, they were asked whether they 
were familiar with information in the form of homoclimes, and whether or not they 
found that information useful. If they were not familiar with the term homoclimes, then 
a brief explanation was provided before the rest of the interview proceeded. The 
majority of interview participants were familiar with homoclimes, but several were 
unfamiliar with that particular terminology.  
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Figure 5.4. Thematic analysis of survey responses as to usefulness of homoclime information. 
Positive responses (i.e. why homoclime information is useful) are shown in blue (5.4a, 
above), while negative responses are shown in red (5.4b, below). Eight percent of 
responses could not be categorised (e.g. single word responses) and are not included in 
this diagram. (n = 18; n = 13, respectively) 
The majority of interview participants indicated that information in the form of 
homoclimes and/or more general ideas about possible future directional changes in 
climate (e.g. whether it is going to get hotter and drier) would be more useful for long-
term decision-making, rather than information about changes to specific climatic 
variables. While the survey responses support this result (Table 5.3), with the majority 
(i) 
(ii) 
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of participants agreeing or strongly agreeing with the statements made during the initial 
interviews, more than twenty per cent of survey participants want both forms of 
information (i.e. homoclimes and information about changes to specific variables).  
Table 5.3. Combined percentage of survey participants who agreed or strongly agreed and 
disagreed or strongly disagreed with each of the following statements, using a 
Likert scale. The complete list of survey questions is presented in Appendix D. 
 
Statement about the longer-term future 
Combined % of 
survey 
participants who 
agreed or 
strongly agreed 
with the 
statement 
Combined % of 
survey participants 
who disagreed or 
strongly disagreed 
with the statement 
When I’m making decisions about the longer-term future 
(>1 year), I only need broad climate information. 
72% 10% 
General ideas about whether the climate is likely going to 
get hotter and drier or cooler and wetter (etc) are more 
useful to me than information about changes to specific 
climatic variables (e.g. whether it is going to get warmer by 
2 degrees C). 
 
59% 
 
22% 
If I was considering distant future decisions (5+ years), it 
would be useful to know what the climate in my area is 
likely to become like in terms of climates that are currently 
experienced in other wine grape growing regions. 
77% 5% 
If I was considering distant future decisions (5+ years), it 
would be useful to know specific information about 
changes to variables such as temperature and rainfall for 
my area only. 
56% 20% 
 
Participants indicated that homoclime information is wanted about both 
domestic and international wine grape growing regions, because of the competitive 
international market in which they operate. Information in the form of homoclimes is 
considered helpful in considering what growers may be able to produce (and whether 
changes needed to be made, such as growing new varieties or grafting over to a different 
varietal) and how they would have to manage their vineyards in the future. 
Sixty-two percent of survey participants agreed or strongly agreed that they 
would want to receive this homoclime information over spatial scales the size of 
growing regions (while only ten percent disagreed or strongly disagreed), rather than 
necessarily needing more localised information about specific vineyard sites (Figure 
5.5). Only twenty-three percent of participants agreed or strongly agreed that the spatial 
scale of future climate information that they receive is about right for what they need, 
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while thirty-five percent neither agreed nor disagreed, and thirty-five percent disagreed 
or strongly disagreed (Figure 5.5).  
 
Figure 5.5. Survey participant responses to the statements “the spatial scale of future climate 
information I receive is about right for what I need” and “I would like to receive future 
climate information at spatial scales the size of growing regions”. (n = 165) 
 
The spatial scales of future climate information that would meet User needs for 
decision making were not adequately explored in the original survey, and thus are 
further explored in the follow-up survey.  
In the follow-up survey, participants were asked about the relationship between 
usefulness and spatial scale of the future climate information. They were asked to rank 
how useful it would be to their decision making to receive future climate information at 
each of the different spatial scales (Figure 5.6). A range of spatial scales were deemed 
very useful or somewhat useful by participants when making long-term decisions. Even 
a scale of 300 km x 300 km was still considered somewhat useful by many of the 
participants. However, a clear decline in usefulness is seen between the scales of 50 km 
x 50 km and 300 km x 300 km, the latter being indicated by a few of the participants to 
be not at all useful. This result supports the finding that usefulness declines sharply 
between “regional” and “somewhat broad” scales when these Users are making long-
term decisions such as whether to plant a new variety of grape (see section 5.2.4, Figure 
5.11). 
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Figure 5.6. The follow-up viticulture survey participant responses to the question “how useful 
would future climate information be if it were presented to you at each of these 
scales?”. Note that “level 4” corresponds to “very useful”, while “level 0” corresponds 
to “not at all useful”. (n = 8) 
  
Interviewee participants’ responses suggested that information about the near 
future is considered more useful than information about the far future, i.e. future climate 
information is ‘discounted’ (an economic analogy; see, for example, Wainger and 
Constanza, 1991; Nordhaus, 1997). This idea is supported by the results of the surveys 
and is shown graphically in Figures 5.7 and 5.8. In Figure 5.7, from the follow-up 
survey with viticulturists, participants were asked to draw a line on the graph presented 
to them to indicate how useful they would find possible scenarios of the future climate a 
particular number of years from present day (Figure 5.7). Note that “level 4” 
corresponds to “very useful”, while “level 0” corresponds to “not at all useful”. No clear 
indications of a relationship are seen in the comparison of level of usefulness with 
temporal scale, with participants indicating a wide range of opinions as to the level of 
usefulness of climate scenarios over the first twenty to thirty years. However, all but 
two of the participants showed distinct decreases in the level of usefulness of the 
climate scenarios within the timeframe of thirty years from now (Figure 5.7). Most of 
the participants indicated a decrease in level of usefulness when climate scenarios 
represent a time period between ten and fifteen years from now. Five of the eight 
participants indicated that future climate scenarios about the future thirty years from 
now would be either a “neutral” level of usefulness or lower. 
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Figure 5.7. The follow-up viticulture survey participant responses to the question “how useful would you 
find possible scenarios of the future climate that are about the climate this many years from 
now?” Note that “level 4” corresponds to “very useful”, while “level 0” corresponds to “not 
at all useful”. (n = 8) 
 
The idea of discounting is also indicated by participants’ responses to a question 
asked in the original User survey concerning the usefulness of climate information at 
specific timescales to help in making management decisions in general (Figure 5.8).  
 
Figure 5.8. Useful timeframes over which to receive future climate information to help in making 
viticultural management decisions, according to survey participants. (n = 158) 
 
Figure 5.8 shows that information within one week and within the current 
growing season was considered the most useful by the majority of participants, but that 
the majority of participants indicated that information at all timeframes is at least 
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somewhat useful. Table 5.4 provides examples of interview participants discussing their 
long-term climate information needs. 
Table 5.4. Comments from participants regarding long-term climate information needs. 
Participant Topic Comment 
Interviewee 9 Homoclimes as 
useful way of 
presenting 
information for 
long-term decision 
making; temporal 
scale of information 
…similar climates that your area is going to be in say ten, 
twenty years’ time, and then I would be looking at that 
particular set of criteria, or parameters, and saying alright, 
where else in the world do they have these similar climate 
conditions at the moment, and what varieties do they grow 
there?  Because that’s more likely to be an indicator of what’s 
going to be successful…. So, little comparisons like that 
would be helpful. 
…. 
So for instance if you know that it’s going to be really hot in 
twenty years’ time, maybe you’d be looking at something like 
a grenache or some of the warmer climate varieties from 
Spain or Portugal.  Bearing in mind you’ve still got to find the 
market for that fruit, so there’s no point growing a variety that 
no-one wants to buy.  So that’s the difficulty. 
Interviewee 1 Homoclimes Now obviously with climate change on the horizon…  and 
trying to… make those long-term decisions about what they 
plant, how they plant it, where they plant it, [people are] 
trying to get a good picture on where the climate’s heading for 
their area.  
Interviewee 2 Homoclimes; 
temporal scale of 
information 
… there are people who are very interested in bringing 
alternative varieties into the district that haven’t been grown 
here very much, so knowing what the homoclimes are going 
to be in comparison to where they’re grown in Europe, those 
sorts of things are important. 
…. 
we’re looking at predictions that are pertinent to the time scale 
of five to ten years, if possible, you know, what’s going to 
happen, are there going to be significant changes, and then in 
the longer term for people who are just starting out, I guess 
the twenty year sort of time frame. 
 
In the follow-up survey with viticulturists, participants indicated a range of 
opinions when asked to mark a cross to represent, for each time period, over which 
spatial scale it would be most useful to receive future climate scenarios (Figure 5.9). 
There was, however, a tendency towards the information being presented over finer 
spatial scales (5 x 5 km grids or less) for the time periods 0-10, 10-20 and 20-30 years 
from now (Figure 5.9). It is not possible from this small sample size to definitively 
ascertain whether or not a relationship exists between useful spatial and temporal scales 
for this User group. However, this information, coupled with the results of the initial 
viticultural survey (presented earlier in this chapter) suggests that finer resolution 
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information is desired for the shorter-term. There remains a subset of participants who 
consider that coarser detailed climate information for future time periods is adequate for 
their needs. 
 
Figure 5.9. The follow-up viticulture survey participant responses to the question “Which spatial scale 
would it be most useful for future climate scenarios to be presented over at each of these time 
periods in the future?” Each colour represents a different respondent. (n = 8) 
 
5.2.4 The example decision to plant a new variety of grape 
In the Users’ survey, one specific example of a long-term decision was used to 
focus the questions: whether to plant a new variety of grape (or to graft over to a 
different variety). Forty-two percent of participants indicated that future climate 
information would ‘very much’ influence their decision about which variety of grape to 
plant or graft over to; while thirty-five percent indicated that it would ‘somewhat’ 
influence their decision, and a combined total of less than fifteen percent of participants 
indicated that it would influence their decision ‘not at all’ or ‘not very much’. 
Interviewee responses suggested that, for this type of decision making, 
information was considered useful for approximately five to twenty years in the 
future, but generally not beyond that. This is supported by the results of the survey: 
seventy-seven percent of survey participants agreed or strongly agreed that this 
timeframe would be useful. However, when asked about the most useful timeframe 
over which to receive the information to help decide whether to plant a new variety, 
the total for the categories which covered the period 5-20 years was seventy-three 
percent of participants agreeing or strongly agreeing (Figure 5.10). 
94 
Miriam Dunn User and Provider perspectives... 94 
 
Figure 5.10. Timeframe into the future which Users indicated would be the most useful to them in 
helping to make the decision of whether to plant a new variety of grape. (n = 152) 
 
The largest proportion of participants (48%) indicated that climate 
information presented in the time-frame of 6-10 years in the future would be most 
useful for their long-term decision making (Figure 5.10); eighteen percent said 1 to 5 
years; fourteen percent said 11 to 15 years; eleven percent said 16 to 20 years; and 
nine percent said more than 20 years.  
When thinking about whether to plant a new variety of grape, the majority of 
participants indicated that receiving information for the spatial scale “averaged over 
your region” would be somewhat useful or very useful (Figure 5.11). They also 
indicated that this spatial scale would be almost as useful as finer spatial scales, such as 
that averaged over a specific locality or a vineyard. The usefulness of information for 
this type of decision making decreases suddenly and sharply between information that is 
supplied at spatial scales of “regional – averaged over a growing region” and 
“somewhat broad – averaged over several growing regions”, the latter being much less 
useful (Figure 5.11).  
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Figure 5.11. Survey participants’ responses to the usefulness of different spatial scales at which future 
climate information is provided to help Users decide whether to plant a new variety of grape. 
(n = 158) 
 
All of the types of climate information suggested to assist in this decision 
making were deemed to be either ‘somewhat useful’ or ‘very useful’ by a combined 
minimum of seventy percent of participants (Figure 5.12). However, two types of 
information (changes to average daily rainfall and changes to maximum and minimum 
daily temperatures) had higher levels of support, with combined totals each in these two 
categories of over eighty percent, and roughly two thirds of those (54% and 56% 
respectively) participants indicating that these two types of information would be ‘very 
useful’. Participants’ responses about the usefulness of “changes to specific climatic 
variables” (Figure 5.12) appears to contrast with the same sort of question asked earlier 
in the survey (see Table 5.3), to which fifty-six percent of participants responded that it 
would be useful to know specific information about changes to variables. The difference 
between the questions was that the earlier question stated “for [the participant’s] region 
only” when considering long-term decisions, which may be the cause of the discrepancy 
between results. 
The majority of participants indicated that information about specific 
homoclimes would be ‘somewhat useful’ (34%) or ‘very useful’ (41%) when deciding 
whether to plant a new variety of grape. While this represents the majority of 
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participants, a larger percentage of participants indicated that other types of information 
would be useful (discussed above). 
 
 
Figure 5.12. How useful each of the initial types of future climate information that were suggested 
to survey participants would be to them in helping them to decide whether to plant a 
new variety of grape. (n = 167) 
 
A minority (20%) of participants indicated that a different type of future climate 
information (such as average temperatures and rainfall, seasonal changes, shorter-term 
cycles, timing of rainfall) would be more useful to help them decide whether to plant a 
new variety of grape, while twenty-two percent indicated that a different type of 
information would not be more useful, and fifty-eight percent stated that they were 
unsure. The different types of information that were suggested by participants as being 
more useful than the climatic variables presented in Figure 5.12 are shown in Figure 
5.13. This additional depth of information shows that although homoclimes are 
considered useful for this type of decision making by a broader sample of the wine 
grape sector in Australia, other types of climate information are also valued. 
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When asked if there was another decision that they would use long-term future 
climate information to help them make, survey participants’ answers can be grouped 
into the themes shown in Figure 5.14. Four of the themes occurred much more 
frequently than the others: ‘water management and investment’, ‘irrigation 
infrastructure’, ‘vine management processes’ and ‘whether to translocate vineyard’ 
(Figure 5.14). Water and The Market were particularly recurrent themes in survey 
participants’ responses.  
 
Figure 5.13. The different types of information that were suggested by participants as being more useful 
than those previously given. (n = 167) 
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Figure 5.14. The grouped themes of survey participants’ answers when asked if there was another 
decision that they would use long-term future climate information to help them make. 
(n = 73) 
 
 
 
5.2.5 Uncertainty and accuracy of future climate information 
The idea of accuracy being needed for decision-making was tested in a survey 
question to both Providers of climate information and Users within the viticulture sector 
in Australia (Figure 5.15).  
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Figure 5.15. A comparison of Provider (n = 55) and User (n = 182) responses to the statement that 
future climate information needs to be more accurate before it can be useful to Users’ 
decision-making. 
 
Figure 5.15 shows that the majority (65%) of Users agreed or strongly agreed 
that future climate information needs to be more accurate before it can be useful to their 
decision-making, while conversely, the majority (61%) of Providers of climate 
information disagreed or strongly disagreed (with a smaller proportion agreeing and 
strongly agreeing). However this is converse to the majority of Users in viticulture 
saying that uncertainty in the data would not stop them from taking into account future 
climate change information when making decisions (Figure 5.16). 
 
Figure 5.16. Survey participants’ responses to the statement “the uncertainty surrounding future 
climate change would not stop me from considering climate change when making 
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decisions about adapting my practices”. (n = 157) 
 
When it came to understanding future climate information, approximately equal 
numbers of participants disagreed or strongly disagreed (32%) and agreed or strongly 
agreed (35%) that they find the information confusing. Thirty-two percent of 
participants neither agreed nor disagreed. Based on this finding, a reduced uptake of 
future climate information would be expected. However, to the contrary, sixty-five 
percent of participants either disagreed or strongly disagreed that they choose not to 
take into account future climate information, while only twelve percent of participants 
agreed or strongly agreed with this statement.  
Although seventy-five percent of participants indicated that they would be more 
likely to take climate change into account in their decision making about adapting their 
practices if they had accurate information about future climate change (Figure 5.17), the 
majority (72%) of participants indicated that the uncertainty surrounding future climate 
change would not stop them from considering climate change when making decisions 
about adapting their practices (Figure 5.16). Eight percent of participants disagreed or 
strongly disagreed.  
 
 
Figure 5.17. (User) Survey participants’ responses to the statements “If I had accurate information 
about future climate change, I would be more likely to take climate change into account in 
my decision making about adapting my practices” (shown in blue); and “I believe that the 
currently available future climate information is accurate enough to use it in my decision 
making about adapting my practices to climate change” (shown in red). (n = 157) 
 
Conversely, only twenty-four percent of participants indicated that they believe 
that currently available future climate information is accurate enough to use in their 
101 
Miriam Dunn User and Provider perspectives... 101 
decision making about adapting their practices to climate change (Figure 5.15). Forty-
five percent disagreed or strongly disagreed, while twenty-seven percent neither agreed 
nor disagreed and four percent were unsure. 
 
5.3 Discussion 
 
The future climate information needs of these Users in viticulture have been 
shown to vary depending on the Users’ application and decision making context, some 
requiring little or coarse resolution information while others need finer levels of detail, 
consistent with the previous findings of Reilly and Schimmelpfennig (2000) and 
Berkhout et al. (2013). These results are also consistent with the view of Park et al. 
(2012), that incremental versus transformative adaptation actions require different kinds 
of information, because the shorter- and longer-term future climate information needs of 
these Users differ in characteristics. Specifically, shorter-term decision making requires 
finer spatial and temporal scales of climate information than are needed for longer-term 
decision making. Unlike previous work, this research identifies the specific 
characteristics (notably the desired spatial and temporal scales) that Users in viticulture 
identify as making climate information useful for shorter- or longer-term decision 
making. 
Determining the usefulness of specific variables for this particular sector is 
important because it means that if trade-offs are necessary when simulating changes to 
climatic variables using a climate model, because, for example, one variable is not as 
well reproduced as the others (Fowler et al., 2007), the Providers know which are most 
useful to the particular User group. Although there has been a lot of research into how 
well particular methods and models reproduce specific climatic variables (e.g. Timbal 
and McAvaney, 2001; Wilby et al., 2004; Wood et al., 2004; Dibike and Coulibaly, 
2005; Haylock et al., 2006), this has not generally been applied to informing adaptation 
decision-making that is robust (Fowler et al., 2007). Ranking climatic variables 
according to User needs and comparing those rankings to the percentage of Providers 
who provide those climatic variables has not been conducted in any previous known 
research. 
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5.3.1 Long-term decision making 
Participants indicated that for long-term decision making they would like to 
receive information both about specific variables (particularly as regards extremes) and 
in the form of homoclimes; and for that information to be presented at spatial scales the 
size of growing regions (further discussion about required spatial scales is presented in 
depth in Chapter 6: sections 6.1 and 6.2). Participants indicated that future climate 
information in the form of homoclimes for both domestic and international wine grape 
growing regions is important to better contextualise their decision making, which is 
influenced by the globally competitive market in which Australian wine grape growers 
operate. This suggests that participants recognise similarity of conditions within a 
growing region as being a useful basis for aggregation. If future climate conditions were 
to change differentially within a growing region, that understanding and its role in the 
decision sphere would need to change. The use of homoclimes is supported by Chauhan 
et al. (2008) who presented current homoclimes for chickpea growing areas of India and 
Australia in an attempt to find new areas in Australia that are climatically similar to 
India where chickpeas are commonly grown. The need to better place the situation in 
context of other important factors is supported by the finding of Letson et al. (2001) that 
if climate forecasts are not placed in the decision context then they are no longer 
valuable; similar assertions are made by Jacobs et al. (2005), Dessai et al. (2009), Fussel 
(2010) and Lemos and Rood (2010).  
Viticulturists considered it more useful to have information about comparisons 
to the current climates of other regions – both those that would be climatically similar to 
the future climate of their region and what their competitors’ regions would become like 
– than to have more detailed information about potential changes in their own region. 
Although there are a variety of influences on the terroir in different viticultural regions 
(Gladstones, 2004), climate has a large influence on terroir and hence on the suitability 
of a region for growing particular varieties (Gladstones, 2004; Jones et al., 2005; Webb 
et al., 2011; Jones et al., 2012). Therefore, despite potential differences in soils and 
other factors, homoclime information can be useful in assisting decision making as 
regards planting new vines or grafting over to different varieties with both current and 
expected future climate changes (Webb et al., 2013).  
5.3.2 Temporal scales 
The question about useful timeframes over which future climate information is 
presented has not previously been asked of viticulturists in terms of adapting to climate 
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change. This research found that these Users are most interested in information within 
six to ten years from now; this finding is in line with the finding of Bärlund and Carter 
(2002) that Users wanted information up to approximately 20 years from now. It also 
supports the finding by Tribbia and Moser (2008) that coastal managers indicated that 
“probabilistic climate change projections) over temporal scales of 5, 10 and 20 years 
would be useful to their adaptation decision making. Longer timeframes were 
considered useful, but less so than the five, ten and twenty year timeframes (Tribbia and 
Moser, 2008).   
In addition, information at timescales between 1 and 12 months was considered 
somewhat useful or very useful for general viticultural management decisions by more 
than seventy-five percent of these viticultural survey participants. This timescale of 
information is currently provided by the production of seasonal and inter-annual 
forecasts, although many Users perceive these to not be reliable and hence to not be 
useful (Austen et al., 2002). Although significant advances have been made in this 
timeframe, there is still a long way to go in providing accurate climate information in 
the three month to one year period (Murphy et al., 2009).  
 
These findings about time periods and also about Users wanting information 
about extreme events support the result of Bärlund and Carter (2002) that decision-
makers in various sectors often want information at short enough lead-times to consider 
extreme events (Dempsey and Fisher, 2005), which are not currently well represented in 
models (Giorgi et al., 2009; Vera et al., 2010). This research supports the idea that 
climate variables need to be produced at a temporal scale that is appropriate for the 
needs of the User in the particular sector (Charles et al., 2007; Mase and Prokopy, 
2014). 
These Users in viticulture placed less emphasis on long-term information than 
would be expected given the long-term life of the vines and hence the necessity for 
long-term adaptation planning indicated in the literature (e.g. Lereboullet et al., 2013). 
Almost half of participants were aged sixty or over and it may be possible that many of 
these participants are considering retirement, which may be an influencing factor on the 
timeframe into the future that they consider in their planning. The survey did not ask 
questions relating to retirement plans, and therefore it is not possible to definitively 
determine whether or not this is the case, and hence whether this large proportion of 
participants in the age brackets sixty or over might be skewing the response curve. 
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Moreover, separating the responses of this age group in comparison to other age groups 
to perform a statistical analysis is not possible because of the small sample sizes of 
many of the age groups. Owing in part to potentially different demographic factors, it is 
possible that the viticulture industry in other countries may not have the same 
perspective on long-term future climate information that has been indicated by 
viticultural decision makers in Australia. 
In general, Users within the viticultural industry identified short-term 
information as being more useful than long-term information. This is supported by a 
broad body of literature which focuses on the importance of the current growing season 
for agribusiness success (e.g. Coombe and Dry, 1992; Smart, 1989; Stokes and 
Howden, 2010), and hence the tendency to ‘discount’ future information and focus 
more heavily on very near changes in weather and climate (Wainger and Constanza, 
1991; Nordhaus, 1997; Arrow et al., 2013; Heal and Millner, 2014). This focus was also 
reflected in the Victorian Farmer Survey on Climate Change (Schwarz et al., 2012), 
which surveyed farmers in the dairy, livestock, mixed farming, grains, horticulture and 
peri-urban sectors about their attitude towards, and knowledge of, climate change and 
climate variability (Schwarz et al., 2012). Compared to an earlier benchmark study, this 
survey indicated that “significantly more farmers [disagree] that climate change is a 
serious problem” (Schwarz et al., 2012), suggesting a focus on the near future. It also 
found that “use of climate-related tools has decreased since 2011” (Schwarz et al., 
2012). It is possible that this change from the earlier benchmark study was in part 
influenced by the participants’ reactions to the end of the drought in 2011/2012. This 
hypothesis is supported by the literature regarding the factors affecting peoples’ 
perceptions of climate change (e.g. Weber, 2010; Myers et al., 2013). The literature 
shows, for example, that the weather conditions that people have immediately 
experienced affect their perception of climate change (e.g. Borick and Rabe, 2010; Egan 
and Mullin, 2012; Howe and Leiserowitz, 2013; Zaval et al., 2014), and that so too do 
their worldview and political ideology (Leiserowitz, 2006; Weber, 2010). It is therefore 
possible that the attitudes towards climate change expressed by the viticulture 
participants were influenced by the recent very wet harvest events, heat events and frost 
events, all of which were prevalent within the growing season prior to (and during 
which) that within which the survey was conducted (2011/2012). 
This thesis indicates that Users in viticulture have a stronger focus on the long 
term than the farmers in the study by Schwarz et al. (2012). For example, in the 
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viticulture survey, fifty-nine percent of participants agreed or strongly agreed that 
climate change is occurring in their region, while only nine percent disagreed or 
strongly disagreed. This is in-line with the finding by Arbuckle et al. (2013) who found 
that, from a survey of almost 5000 farmers in the United States, sixty-six percent of 
participants believed that climate change is occurring. These participants were primarily 
corn and soybean producers. Fifty-eight percent of viticultural User survey participants 
in this thesis agreed or strongly agreed that they believe they need to take measures to 
adapt to climate change now, while only twenty percent disagreed or strongly disagreed. 
This may be a reflection of the different planning horizons involved in viticulture 
compared to other sectors; typically viticulture planning decisions consider timescales 
of years to decades (Webb et al., 2010; Lereboullet et al., 2013) because of the 
longevity of vines and the time from establishment to first effective harvest. By contrast 
in broad acre cropping (grains), it is possible to decide on a year-to-year basis what is 
planted, and indeed whether or not to plant.  
5.3.3 Relationship between complexity and usefulness 
The question of whether a relationship is evident between the complexity (in 
terms of the spatial and temporal scales) of climate information and the usefulness of 
that information for Users was only directly addressed in the follow-up survey with 
viticulturists. Owing to the small sample size in the follow-up survey, it is not possible 
to determine whether or not a relationship exists. Differences in required spatial and 
temporal complexity of future climate information are apparent for different types of 
decisions, but this research does not present conclusive evidence as to a relationship 
between complexity and usefulness.  
 
In the follow-up survey, a range of spatial scales were deemed very useful or 
somewhat useful by participants when making long-term decisions. Even a scale of 300 
km x 300 km was still considered somewhat useful by many of the participants. 
However, a clear decline in usefulness is seen between the scales of 50 km x 50 km and 
300 km x 300 km, the latter being indicated by a few of the participants to be not at all 
useful. Participants expressed a wide range of opinions as to the level of usefulness in 
comparison to temporal scale over the first twenty to thirty years. However, all but two 
of the participants showed distinct decreases in the level of usefulness of the climate 
information within the timeframe of thirty years from now.   
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5.3.4 Accuracy and uncertainties 
The majority of Providers indicated that future climate information does not 
need to be more accurate before it can be useful to Users’ decision making. This is 
counter to the opinion presented by the majority of Users, who assert that greater 
accuracy is needed. However there is an ambiguity in Users’ responses – the majority of 
Users indicate that they require greater levels of accuracy but also that the uncertainty 
present in the information would not stop them from taking climate change information 
into account in their decision making. This difference in opinions lies at the core of the 
issue of reconciling supply and demand of information. Providers are not the people 
making the decisions on-ground, so the extent to which they really understand how 
those decision-making processes work in situations where there are multiple complex 
factors is not proven. Providers and Users are both indicating to some extent that Users 
should be able to make decisions with the available information. But how this occurs 
and the level of success depends on the essential steps of consultation and/or co-
production to tailor the available information to User needs. 
 
While the perceived lack of accuracy of future climate information indicated by 
these Users suggests that they may not use the data supplied, the fact that the majority 
of Users indicated that the uncertainty surrounding climate change would not stop them 
from taking it into account in their decision making suggests that they are engaging with 
the issue, but feel that they are lacking usable climate science tools to integrate into their 
decision making. This is in line with the work of Vogel (2000), Archer (2003), Meinke 
et al. (2006) and Dilling and Lemos (2011), who address usable climate information. 
The fact that these Users in viticulture indicated that the uncertainty in the data would 
not stop them from taking into account future climate change information when making 
decisions supports the finding by Heckbert et al. (2010) that decision makers are adept 
at making decisions on the basis of incomplete or uncertain information. 
In the absence of more accurate information, one approach being taken by an 
increasing number of climate scientists is to address adaptation needs through robust 
strategies using a suite of plausible future scenarios of climate that allow the User to 
better understand their vulnerabilities and potential ways of addressing them that would 
be valid under any of the scenarios, without requiring more accurate information about 
what will happen (Dessai et al., 2009). The findings support the idea that while climate 
model output is beneficial in helping to inform impacts for which robust strategies 
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should be developed, it should not be considered the centre of adaptation strategies 
(Dessai et al., 2009; McInerney et al., 2012). This indicates that the majority of these 
Providers are confident that the available information can be used as an input to robust, 
scenario-driven adaptation strategies that would remain viable over several different 
climate change scenarios, as alluded to by Dessai et al. (2009), Lemos and Rood (2010) 
and Tàbara et al. (2010). 
 
The results indicate that Providers consider uncertainty in the data to be a more 
significant barrier than do these Users, but that only about half of Providers share this 
opinion. The fact that almost half of the Providers and more than half of the Users (see 
Chapter 7: sections 7.3 and 7.4) do not consider uncertainty to be a barrier contrasts 
with the mainstream idea in the relevant literature which suggests that uncertainty needs 
to be reduced before information can be useful (e.g. Dow and Carbone, 2007). However 
this finding supports a case study of coastal managers and their information needs for 
adaptation (Tribbia and Moser, 2008), which showed that the uncertainties in climate 
change science were not considered a significant obstacle to the managers taking action 
to adapt. 
The fact that these Providers discuss, but try not to focus too much on, 
uncertainty, can be related to the literature on trust in the information. For the 
information to be used, it has to be considered legitimate, salient and credible by the 
User (Cash et al., 2006). The findings about trust and preferred ways of receiving 
climate information confirm the large body of literature relating to trust in scientific 
information (e.g. Cash et al., 2006; Moser, 2010) as well as the perceived credibility of 
people who provide that information. It supports the assertion of Adger et al. (2005) that 
the information has to be considered legitimate by the User. It supports the findings of 
Lackstrom et al. (2013), from surveys and follow-up interviews with over 100 key 
stakeholders in various climate-sensitive sectors in North and South Carolina in the 
USA that it is more likely that Users will trust, be able to access, and find relevant to 
their decision making, information obtained from sector-specific and local sources. It 
also supports the work of Austen et al. (2002), who found that a lack of knowledge as to 
the existence of 3-month seasonal climate outlook information, coupled with the lack of 
trust in the source of the information led to a smaller than expected use of 3-month 
seasonal forecasts among farmers.  
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5.4 Chapter summary 
 
This chapter has detailed the types of future climate information deemed useful 
by these Users in viticulture for their climate change adaptation decision making, 
including the spatial and temporal scales that would be most useful to them, and their 
perspectives on levels of accuracy and uncertainty. It has shown that, for these Users in 
viticulture: 
 The complexity of the required future climate information changes depending on 
the decision for which the information is needed and the timeframe during 
which the decision needs to be made. Therefore, the relationship between 
complexity and usefulness changes depending on the use;  
 For long-term decision making, these Users want information to be presented 
both in the form of changes to specific variables (particularly about extreme 
events) and in the form of homoclimes which provide contextualised and easily 
comparable information; 
 For long-term decision making, these Users would be content with future 
climate information that is presented over spatial scales the size of regions; 
 For short-term decision making, these Users want future climate information to 
be presented at much finer spatial resolutions, approximately 1-10 km grids; 
 These Users are most interested in short-term climate information, up to one 
year in advance; 
 For long-term decision making, these Users are only interested in future climate 
information presented over timeframes of between 5-20 years into the future and 
generally not beyond that; 
 For long-term decision making, 6-10 years into the future is considered by these 
Users to be the most useful timeframe over which to receive future climate 
information; 
 These Users want more accurate future climate information and if they had this 
would take it into account in making decisions; and 
 These Users stated that uncertainty in the available future climate information 
would not stop them from taking climate change into account in their decision 
making. 
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Chapter 6: Providers’ perspectives on the 
future climate information that their Users 
need for decision making 
 
This chapter presents the results of the interviews with Providers conducted in 
the United States, Australia and the United Kingdom, and analysis of the subsequent 
survey conducted with Providers through climate organisations worldwide (as outlined 
in Chapter 3: Methods, section 3.5). The analysis explores the perceptions of scientists, 
who are also Providers of climate information, in their experiences of engaging with 
Users in the process of providing them with future climate information. The Providers 
were not limited to those who provide information only to the wine grape industry. The 
focus is on their assessment of the usefulness of available future climate information to 
assist on-ground decision-makers to adapt their practices to manage climate change. 
Hence, these results are presented in context of the results from the interviews and 
survey with Users (presented in Chapter 5). This chapter presents results relevant to key 
research questions number 3 and 6:   
 What evidence is there that the Providers of climate information are aware 
of, and able to provide, the future climate information that Users need to 
inform their decision making? 
- Do these Providers believe that providing future climate information 
at a finer resolution is useful for their Users? 
 Is information at the spatial and temporal scales that Users need currently 
being adequately produced and disseminated? 
 
6.1 Results 
 
6.1.1 Provision of climate information 
6.1.1.1 Climatic variables 
A comparison between the percentage of Providers who provide each particular 
climatic variable and the percentage of Users who consider that variable to be in the top 
four (out of ten variables) in terms of usefulness (Figure 6.1) shows that the three most 
commonly provided climatic variables (rainfall, maximum and minimum temperature) 
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are also considered by Users to be the three most useful variables. In fact, provision and 
usefulness are shown to primarily align for six out of the ten climate variables included 
in the surveys. Large differences between provision and usefulness are seen for the 
variables humidity, evaporation, soil moisture and other.  
 
Figure 6.1. A comparison between the percentage of Providers (n = 52) who provide each particular 
climatic variable and the percentage of Users (n = 182) who consider that variable to be in 
the top 4 (out of 10 variables) in terms of usefulness. 
 
There is no clear explanation as to why the Providers and Users have different 
opinions as to which variables are most useful; however, the survey questions did not 
cover reasons why each variable was considered useful; and for Providers it did not 
cover for which sector each variable was considered useful. Users receive, but few of 
them seem to want, information on evaporation; whereas more Users want information 
on soil moisture than Providers deliver. It may be possible that some of the Users may 
not fully understand the links between humidity and evaporation and soil moisture, 
which would explain their different opinions about these variables. However, given the 
proportion of Users with scientific backgrounds, this is not necessarily the case. Fifty 
percent of Providers also indicated that they provide other variables. These included 
mean wind speed, solar radiation, various indices of extremes and derived variables 
(e.g. drought factor), but there was little demand for these variables from Users in 
viticulture. 
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6.1.1.2 Types of future climate information 
The sectors to which the Provider survey participants provide climate information 
are many and varied (Figure 6.2). The most common sectors were agriculture, water 
resources and ecosystem services, with seventy-one, sixty-six and forty-eight percent of 
participants supplying information to these sectors respectively. Thirty percent of 
participants also indicated that they provide climate information to other sectors, as 
listed in Table 6.1.  
The decision to include ecosystem services in the list of sectors to which 
participants provide climate information was driven by analysis of the interview data, in 
which many of the interviewees worked across multiple sectors but with a focus on 
ecosystem services. Retrospectively, however, it has been recognised that the use of this 
term as one of the options for sectors may have led to overlapping definitions and 
perhaps also to participants neglecting to select all of the sectors to which they provide 
information if in fact that information is about ecosystem services. This, in turn, may 
have influenced the results from this question. 
 
 
Figure 6.2. Some of the sectors to which the Provider survey participants provide climate 
information. Please note that many Providers provide information to multiple sectors, 
and hence the total is not 100%. (n = 52) 
 
Table 6.1. Sectors (other than those listed in Figure 6. 1 above) to which the Provider survey 
participants provide climate information. 
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Air quality Infrastructure 
Biodiversity Meteorology 
Coastal impacts and defence  Natural resources 
Defence Planners 
Drought risk reduction and management Policy makers 
Economics Research institutes 
Emergency management Shipping 
Energy Soil science  
Finance (insurance) Transport 
Government  Urban infrastructure and buildings 
 
The range of information, provided to Users by Providers who participated in 
the interviews and survey, includes, but is not limited to (Figures 6.3 and 6.4): 
projections; best, worst case and most likely scenarios; homoclimes; projections worked 
into software, such as GIS layers and agricultural models; and other applied 
transformations of the information, for example, providing wine grape growers with 
temperature thresholds for grape varieties. 
 
Figure 6.3. Types of information provided to Users by these Providers. 
 
These varied types of information provision reflect the understanding presented 
by the interviewees that for information to be useful for User needs, it needs to work 
within Users’ existing understanding, processes and decision spheres. Further, these 
types of information provided to Users by the interviewees are broadly in line with 
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those on offer in the wider climate science community (e.g. Clarke et al., 2011; Crimp 
et al., 2010; Street et al., 2009).  
Examples of the types of information that interviewees provide are presented in 
the quotes from interviewees (Table 6.2). For example, Interviewee D expressed the 
idea that any tool they produced for their particular Users would need to be GIS-
compatible to fit in with the User’s existing decision processes.  
 
 
As stated: 
… we have a going-in hypothesis that whatever tool we come up with has to be compatible  
with GIS, or be like a layer, or be some sort of a way that it can fit into their existing set of tools.  
Because they’re so busy that training is an issue for them; they don’t really want to be having to  
go learn something new. I mean, I don’t blame them. 
 
 
Figure 6.4. The percentage of survey participants who provide each type of climate information to 
Users. (n = 52) 
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Table 6.2. Comments reflecting the types of future climate information that Provider 
interviewees deliver to Users. 
Interview Comment 
Interview K … when we’re approached directly from outside it’s usually in a situation where 
we provide climate projection information, usually some advice on methodology 
as well, which gets applied by the person that we’re collaborating with, or the 
external person, who usually has an impact model of some sort.   
Interview C “So here’s the climate change at 50 km, here’s the climate change at ten 
kilometres” and actually present these differences to the stakeholders. 
Interview H With the software development project I’m involved with it’s basically whatever 
the Users ask for that can be reasonably delivered. 
 
There is a wide spread of User opinions on whether the types of climate 
information that they are receiving are meeting their needs (Figure 6.5). The slight 
majority – thirty-five percent – of Users in viticulture disagree or strongly disagree that 
the types of climate information they are receiving are meeting their needs, while 
twenty-seven percent agree or strongly agree and thirty-three percent neither agree nor 
disagree. Conversely, only fifteen percent of Providers disagree (and none strongly 
disagree) that the types of climate information they provide to Users are meeting User 
needs. Roughly double that percentage (33%) of Providers agree or strongly agree and 
forty-one percent of Providers neither agree nor disagree (Figure 6.5).  
 
Figure 6.5. The comparison between responses of Providers (n = 54) and Users (n = 170) to the 
statement that the types of future climate information that Users are receiving are 
meeting their needs. 
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In other words, a much smaller proportion of Providers disagree or strongly 
disagree than do Users, indicating that more Users believe that the types of future 
climate information they are receiving are not meeting their needs. 
6.1.1.3 Homoclimes and Providers’ issues with providing them to 
Users 
To allow for comparison between perspectives of Users and Providers, 
interviewees were asked about whether they had provided information in the form of 
homoclimes, also known as climate analogues. This type of representation of future 
climate was deemed useful by the majority of User participants, as shown by the 
previous survey conducted in the viticulture sector in Australia (see Chapter 5: section 
5.2). This survey showed that the majority of participants (75%) would find information 
from homoclimes either ‘somewhat useful’ (34%) or ‘very useful’ (41%).  
Only twenty-three percent of Provider survey participants indicated that they 
had seen homoclimes for their region, and only half of that twenty-three percent 
indicated that they present this kind of information to their Users. Providers generally 
indicated that they knew that their Users liked to see future climate information in the 
form of homoclimes, but that they were uncomfortable with providing it. The reasons 
given for participants in general being cautious, and in some cases sceptical, about 
providing Users with information in this form included their perception that Users 
tended to read too much into basic comparisons, which do not take into account all 
relevant (climatic and non-climatic) variables, and that the basic comparisons were 
criticised by the majority of interviewees and survey participants as being overly 
simplistic (Table 6.3).  
Table 6.3. Examples of the issues that interviewees presented around providing homoclime 
information to Users. 
Interview Comment 
Interview B … there is so much misinformation in comparative climate studies … the 
issue that it comes down to is that if you don’t really understand the 
underlying climate then you really can’t make comparisons.  
Interview K We feel a little bit of discomfort with it because there’s rarely a perfect 
analogue.  
Interview L … whilst you might be able to make comparisons of the weather and the 
climate in two locations; the socio-economic systems, cultural systems, the 
soils, and everything else, could be very different, so makes comparison 
very, very difficult.   
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This could then lead to Users making erroneous decisions based on the 
information provided, potentially costing them a lot of money, time and effort and then 
they might blame the Providers for the mistake. For example, Interviewee B commented 
that:  
many in the industry only superficially understand the climate of their regions, and when you           
don't understand it you cannot make comparisons with other places that one would have even            
less understanding of.  
The general attitude held by most of the participants was that homoclimes were 
a viable starting point from which to enter into a more detailed conversation about 
likely changes (Table 6.3). Only one interviewee was strongly in favour of presenting 
homoclimes to Users.  
 
6.1.2 Spatial and temporal scales – information Providers offer 
compared to information Users want 
In terms of the spatial scale of future climate information, Figure 6.6 shows that 
both User and Provider opinions are spread as to whether the spatial scale of future 
climate information provided or received is about right for what Users need. Twenty-
three percent of Users agree or strongly agree that the spatial scale of provided 
information is about right for their needs, while thirty-five percent disagree or strongly 
disagree and thirty-five percent neither agree nor disagree (Figure 6.6). Providers are 
similarly split, but with a larger proportion (35%) of participants agreeing or strongly 
agreeing that the provided spatial scale is about right, thirty percent disagreeing or 
strongly disagreeing and thirty percent neither agreeing nor disagreeing. 
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Figure 6.6. A comparison of Provider (n = 54) and User (n = 168) responses to the statement that the 
spatial scale of future climate information provided/received is about right for what Users 
need. 
 
Providers of climate information are primarily of the opinion that Users want 
very local, local and regional scale information (Figure 6.7). Figure 6.7 compares the 
spatial scales at which survey participants currently provide climate information to 
Users; the spatial scales over which survey participants believe Users want this 
information; and the spatial scales considered “very useful” or “somewhat useful” by 
Users.  
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Figure 6.7. A comparison between the spatial scale of future climate information that is delivered to Users by 
Providers (n = 54); the spatial scale of future climate information that Providers believe Users 
want (n = 54); and the spatial scales considered “very useful” or “somewhat useful” by Users (n 
= 168). Please note here that Provider participants could select more than one option, hence totals 
add up to more than 100%. 
 
 
Figure 6.8. Viticulture (User) survey participants’ responses to the usefulness of different spatial scales at 
which future climate information is provided to help Users decide whether to plant a new 
variety of grape. (n = 158) 
 
119 
Miriam Dunn User and Provider perspectives... 119 
Figure 6.7 shows that a large proportion of these Providers aim to provide 
information over spatial scale the size of regions, as wanted by the viticulture Users 
(also Figures 6.8 and 6.9), but that these Providers believe that Users require the 
information at different spatial scales (Figure 6.7). Particularly, there is a focus on a 
belief that Users need greater levels of localised information than are currently 
provided. Note that many Providers provide information at more than one spatial scale. 
User responses indicate that future climate information provided over very local, 
somewhat local and regional spatial scales are almost equally as useful to their decision 
making. 
 
 
Figure 6.9. A comparison of Provider (n = 54) and User (n = 65) responses to the statement that they 
aim to provide (or would like to receive – in the case of Users) future climate 
information over spatial scales the size of regions. 
 
These results indicate that Users are more in agreement than the Providers 
regarding future climate information being supplied over spatial scales the size of 
regions (Figure 6.9). However, just under one third of Users and just over one third of 
Providers neither agree nor disagree. Examples of the spatial and temporal scales at 
which Providers deliver future climate information to their Users are given in Table 6.4. 
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Table 6.4. Quotes from interviewees in which they discuss the spatial and temporal scales at 
which they provide future climate information to Users. 
Interview Comment 
Interview D  … more of a regional scale …  than say the global scale information … 
They didn't necessarily need it for … a very small scale … they really 
thought regional scale would be very useful, and they felt like that was kind 
of a missing component for a lot of the information that was out there now. 
Interview K … there is a significant gap for people …  where most of the impacts of their 
decisions emerge just in the next few years …  climate models can’t really 
fill that gap very well at the moment … there’s a lot of interest in, well, 
what’s going to happen in the next ten years.  But it sort of falls into the 
window where climate scientists, climate science can’t do a lot.  We can 
predict a few seasons into the future from what we know about things like El 
Niño.  We can predict the general drift of climate in the decades to come due 
to climate change, but that sort of ten-year window is going to be dominated 
by – what we call – signal of the climate system, which we can’t predict …. 
we have a lot of interest in the short-time scale … from Users, which we 
can’t satisfy very well.  So where climate change information is relevant to 
decision making, it’s only really relevant to decision making where people 
are taking somewhat longer timeframes.    
 
6.1.2.1 Providers’ perceptions of Users’ needs for finer resolution 
information 
The majority of the Provider interviewees held the view that it is not a lack of 
finer resolution information that is stopping them from better meeting User needs, but 
rather a suite of other issues, including having appropriate applied models for that sector 
into which the data can be fed and Users’ perceptions of whether the data can 
adequately represent the information they need. These issues are discussed in more 
detail in section 5.3.5. In general, the interviewees stated that their finer resolution 
information could be useful to their Users at a certain level, but that often it was not 
necessary to meet the Users’ needs. For example Interviewee C gave specific examples 
of User groups they had worked with who had requested finer resolution information 
but who were able to proceed with the project without fine detail (Table 6.5). 
Some of the interviewees consider that Users do not necessarily consider the 
caveats of the climate information they are using, or the context of the most applicable 
information, and that they may lack the knowledge to critically assess whether the 
information is representative of current understandings of probable climate change 
impacts. Table 6.5 illustrates this point with some of the comments made by 
interviewees. 
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Table 6.5. Examples of the issues that some interviewees expressed with providing higher 
resolution information and the level of detail of information needed by Users. 
Interview Comment 
Interview B The scientists are still trying to figure out what are the unknowns and 
uncertainties associated with locally downscaled data and how useful is it.   
Interview B And I think people get it, grasp it, understand that there’s a potential issue out 
there, but the issue of climate change is on a longer planning horizon, so it’s 
not as important, it’s not as urgent.  And whether it’s done with a GCM versus 
an RCM is irrelevant.  It’s absolutely irrelevant.  
Interview C I’m very concerned about … the danger of the seduction of high resolution 
that people really kind of like [it] because it really looks like where they live. 
 
…. 
 
…some of the results … are just beautiful in terms of their detail. But … is the 
uncertainty being embraced, or is it once again this seduction of resolution? 
Interview C … they really didn’t need many details for developing these conceptual 
frameworks … They didn’t need, for example … to know on a two kilometre 
resolution what the climate change was. But it was very eye-opening for me to 
see how far one could get in terms of conceptual planning with very little 
information. 
Interview I (When asked whether downscaling adds extra value for decision-making) 
 
… being able to talk about specific regional climates … gives you a better 
engagement with the industry, where they can talk about the climate they 
know … downscaling is helpful to a point…  
Interview K … they’ll say, “Give us the high resolution downscaled data.”  And we won’t 
necessarily do that … and one of the main reasons is this worry about how 
representative it is … they might be strongly attracted to certain input data sets 
because of their greater realism. They look and feel more like real-world data 
… 
So from our perspective what we often see, I would say, is an over-weighting 
in the User’s mind of picking the technique which has the greatest apparent 
realism, whereas we feel it may be under-doing the representativeness of the 
changes.   
 
One interviewee stated that some of their Users had refused to use climate 
scenarios they had provided because they felt that the resolution (of the GCM) was too 
coarse to be useful for their decision-making (Interview C): 
…they just could not relate to it and because they couldn’t relate to it they would not believe  
that any of the information was credible, which I think is not true. I think there was some very  
basic, credible information.  
 
The results of the Provider survey, however, contrast with this result, with the 
majority (66%) of Providers indicating that they believe that Users do need more 
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localised information for specific sites (Figure 6.10), while only seventeen percent agree 
or strongly agree that Users do not need more localised information and fifteen percent 
neither agree nor disagree. In comparison, Users in viticulture are evenly split between 
agreeing (and strongly agreeing), thirty-nine percent, and disagreeing (and strongly 
disagreeing), thirty-nine percent, with nineteen percent neither agreeing nor disagreeing. 
In other words, these Users are in two camps about whether or not they need more 
localised future climate information, but Provider survey responses indicate that 
Providers believe Users need more localised information (i.e. aligning mostly with one 
of the camps). 
In addition, some of the Provider interviewees held the view that finer resolution 
projections tend to be perceived by Users as being more trustworthy, because of the 
extra detail making them look more realistic, and more similar to what Users are used to 
seeing in terms of weather forecasts (Table 6.5). They saw this as a potential problem 
because of the possibility in their opinion for Users to fail to fully comprehend the level 
of uncertainty associated with the finer resolution projections. This would create the 
potential for Users to put too high a level of trust in the projections and to incorrectly 
interpret the level of accuracy and hence incorrectly extrapolate from projections. For 
that reason Providers considered that providing finer resolution information could 
sometimes create problems where expectations were not matched by the reality of the 
capabilities and uncertainties associated with the projections (see Table 6.5 above).  
 
Figure 6.10. A comparison showing User (n = 167) and Provider (n = 55) responses (from the Provider 
survey and the previously conducted Users in viticulture survey) to the statement “Users 
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do not need more localised future climate information about specific sites”. 
One view is that Users want simple information and to not be given too many 
options – two or three scenarios at most (Interview K). They want the climate scientists 
to make a judgement on the “best” model for use in their context. But the climate 
scientists do not like to do this because they feel that it is not defensible as they have no 
proven way of choosing a “best fit”. Several of the Provider interviewees also expressed 
concern at how responsible they would be for the outcomes if a decision is made based 
on that information and it turns out to be incorrect. For example, Interviewee K made 
this statement: 
That’s problematic because we climate scientists don’t really have a defensible or robust way  
of saying, “Oh, look, these two or three models are much better than all the rest, they’re the  
only ones you should use.” We can probably weed out some really bad models and we do that.   
But to achieve the simplicity that the Users want, the right way to get there isn’t usually the 
question. It’s usually addressing that question of picking out the best.  
6.1.2.2 Temporal scale of future climate information 
As regards the temporal scale, thirty-two percent of Users and thirty-four percent 
of Providers agree or strongly agree that the timeframe over which future climate 
information is provided is not meeting User needs (Figure 6.11). However, the majority 
of Users (48%) and the slight minority of Providers (31%) neither agree nor disagree 
with this statement. Sixteen percent of Users disagree or strongly disagree; while more 
Providers disagree or strongly disagree (26%). Users showed a greater tendency to 
neither agree nor disagree that the timeframes are appropriate for User needs, while 
Providers showed a slightly greater tendency to assert that delivered timeframes are 
meeting user needs. 
Most of the Provider interviewees held the view that the timescales that their 
Users are most interested in are primarily the very near future (within the current 
season) or up to a few years in the future. This is supported by the results of the 
Provider survey (Figure 6.12). Figure 6.12 presents a comparison of the time periods 
over which Providers provide information to Users; the time periods over which 
Providers believe their Users want the climate information; and the time periods which 
Users consider most useful. Providers deliver future climate information to Users over 
all of the different time periods, and believe that Users require this information over all 
of the different time periods (Figure 6.12). However, Figure 6.12 shows that Providers 
believe that Users require information more evenly over all time periods than what is 
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currently provided, which tends towards the greater than twenty years from now time 
period (provided to Users by seventy percent of these Providers).  
 
Figure 6.11. A comparison of Provider (n = 54) and User (n = 166) responses to the statement that 
the timeframe over which future climate information is provided is not meeting User 
needs. 
 
There is a large discrepancy between what Providers and Users consider useful 
(Figure 6.12). 
 
Figure 6.12. A comparison of survey participants’ responses showing the time periods over which 
Providers (n = 54) provide climate information to Users; the time periods over which 
Providers believe that Users want the information to be provided; and the time periods 
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that Users consider most useful for their decision making (n = 166). 
Notably, sixty percent of Providers believe that Users want information over the 
greater than twenty years time period, and seventy percent of Providers deliver 
information over this time period; while less than ten percent of these Users considered 
that time period to be the most useful (Figure 6.12). Almost half of these Users 
considered six to ten years from now to be the most useful time period over which to 
receive future climate information to assist them in making long-term decisions. There 
is thus a large gap between actual supply of information, perceived demand and actual 
demand. 
This is broadly in line with the timescales specified by both Users and Providers 
(Figure 6.13) when asked to respond to the statement that “It is useful for Users to know 
climate information for 5-20 years into the future”. The majority of Providers surveyed 
agreed or strongly agreed that it is useful (for Users) to know climate information for 
five to twenty years into the future (Figure 6.13).  
Several Provider participants mentioned working with Users in the water, health 
and viticulture sectors, and these were seen as some of the sectors within which Users 
requested longer-term information, ranging from ten years in the health sector, up to 
twenty years in viticulture and fifty or so years in the water sector. 
 
Figure 6.13. A comparison between User (n = 167) and Provider (n = 55) responses to the statement 
that “It is useful for Users to know climate information for 5-20 years into the future”. 
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Provider and User responses showed a distinct contrast for the statement that for 
longer-term (greater than one year) decisions, Users only want or need broad climate 
information (Figure 6.14). The majority (72 %) of Users agreed or strongly agreed that 
they want broad climate information, while seventeen percent neither agreed nor 
disagreed, and ten percent disagreed or strongly disagreed (Figure 6.14). Comparatively, 
the majority (75%) of Providers disagreed or strongly disagreed; thus indicating that 
they believe Users need finer climate information. This indicates a very large difference 
between User and Provider perspectives on the future climate information required by 
Users for long-term decision making; with Users indicating that they do not need finer 
detail climate information, and Providers indicating that they believe that Users do need 
finer detail climate information.  
 
Figure 6.14. A comparison between User (n = 168) and Provider (n = 54) responses to the statement 
that “for longer-term (greater than one year) decisions Users only want/need broad 
climate information”. 
 
Users and Providers showed differing opinions in response to the statement that 
general ideas about changes to the climate are more useful than information about 
changes to specific variables (Figure 6.15).  
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Figure 6.15. A comparison of Provider (n = 55) and User (n = 168) responses to the statement that 
“general ideas about changes to the climate are more useful than information about 
changes to specific variables”. 
 
 
While the majority of Providers (53%) disagreed or strongly disagreed with the 
statement, twenty-two per cent of Providers agreed with the statement, and twenty per 
cent neither agreed nor disagreed (Figure 6.15). Comparatively, fifty-nine percent of 
Users agreed or strongly agreed that general ideas about changes to the climate are more 
useful than information about changes to specific variables, while twenty-two percent of 
Users disagreed or strongly disagreed. Again this shows a large gap between User needs 
and Provider interpretations of these needs. 
6.1.3 What these Providers tell Users about uncertainty of the 
future climate information 
All of the Provider interviewees responded that they felt that there was too much 
emphasis on uncertainty in climate information, given the many other uncertainties 
faced in the decision-sphere, including in everyday life. Provider interviewees 
responded that they discuss the uncertainties associated with future climate information 
with their Users, but that they try not to focus too much on these uncertainties (Table 
6.6).  
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Table 6.6. Quotes from Provider interviewees discussing the issue of uncertainty within the 
future climate information and what they discuss with Users. 
Interview Comment 
Interview C … of course it’s going to vary with region and sector and so forth, but are 
there any generalisations we can make, let’s say for a particular sector … 
how much of the uncertainty, that adaptation planning is trying to deal with, 
comes from really the climate uncertainty versus the uncertainty in 
governance, the uncertainties in the hydrological models, the uncertainties 
as to whether or not certain adaptation scenarios are really plausible… 
Interview G And certainly discussion also has ignored, primarily ignored, the biggest 
source of uncertainty, which is, how are humans going to change? 
Interview I I personally feel that uncertainty around these sort of projections, and, 
indeed, whatever the climate we get, is part of the way of carrying people on 
… in adaptive action, rather than just telling them, “It’s going be that”… but 
I find it helpful to talk about those uncertainties.  And, also to tell them 
about the sources of those uncertainties.   
Interview J I often fail to understand where that big issue about uncertainty really comes 
from because … there’s practically nothing in life that is certain … as a 
species, we actually evolved against the background of uncertainty, and risk, 
and all the decisions that we make on a daily basis are characterised by 
various degrees of uncertainty.  So I find it really surprising that suddenly 
there’s an issue and we expect certainty, when in no other aspect of our 
daily lives we would reasonably expect that. 
…. 
I think it’s largely a communication issue, because it’s a misconception that 
people require certainty for decision-making.  They don’t. 
 
One of the Provider interviewees stated that they liked to link the level of 
uncertainty to that of everyday situations to portray the level of uncertainty in a scenario 
that the User could easily understand and which the User had most likely experienced. 
 
6.2 Discussion 
 
6.2.1 Types of future climate information and meeting User 
needs 
Providers’ opinions vary as to whether the spatial scales provided are meeting 
User needs; as do Users’ opinions as to whether the spatial scales provided are meeting 
their needs. Just over a third of these Users say that the spatial scale over which they are 
receiving climate information is not meeting their needs. This may be linked to whether 
their needs are for short- or long-term decision making.  
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The finding that, for long-term decision making, Users prefer to receive 
information in the form of homoclimes supports the finding of Bryson et al. (2010), that 
climate scenarios hold the key to enabling robust adaptation decision-making, if they 
are presented and used correctly (Bryson et al., 2010). Information provided in the form 
of homoclimes takes much of the ‘hard-work” out of comparative analysis. It means 
that a User in viticulture can compare their region’s possible future climate with 
existing climates and the varieties and viticultural practices that have been adapted to 
those contexts. An example of this type of information is the climate analogue website 
of the Berkeley Lab Earth Sciences Division of the US Department of Energy (Koven, 
2013; http://esd.lbl.gov/about/staff/charleskoven/climate_vectors.html). This website 
provides climate analogue analysis for Australia, as well as other regions globally. It 
shows geographic shifts for various (multi-decadal) time points in the past and future, 
however it does not provide specifics of a comparison location, rather it is a visual 
indication of the latitudinal and longitudinal change to the likely areas in which the 
climate of a particular region will be found in future time periods. In addition, it does 
not allow the User to specify the time period of interest, and provides information about 
changes over twenty-year time periods. The issue of homoclimes is discussed in greater 
depth in Chapter 8, section 8.4. 
However, the assertion by the majority of Providers that changes to specific 
climatic variables are more useful supports Dow and Carbone (2007), that the particular 
climatic variables provided in the climate change scenarios and the temporal and spatial 
scales at which they are provided influence how useful the climate information is for a 
particular sector. It is possible that this is the viewpoint taken by these Providers. 
 
6.2.2 Spatial scales 
A large proportion of these Providers provide climate information over spatial 
scales the size of regions, as wanted by the Users in viticulture. Smaller proportions also 
provide information over other spatial scales: ‘very local’; ‘somewhat local (e.g. 
averaged over a specific locality)’; averaged over several regions; averaged over a state; 
and other. The Providers deliver information at different spatial scales, with a focus on 
the very local, somewhat local and regional scales, in line with the view of Dow and 
Carbone (2007) and Lemos and Rood (2010) respectively, that spatial scale and the 
existing decision context are important determinants of usefulness. Because User 
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responses indicate that future climate information provided over very local, somewhat 
local and regional spatial scales are almost equally as useful to their decision making, it 
would make sense to provide this information at the scale which is just as acceptable but 
that requires the least amount of resources to produce (in this case in the form of less 
downscaling of future climate information). This finding also supports the assertion by 
Giorgi et al. (2009) that Users require information at regional to local scales.  
 
6.2.3 Temporal scales 
The timescales at which future climate information is being provided are 
somewhat aligned with those wanted by these Users in viticulture. For example, the 
majority of Users require, and the majority of Providers provide, future climate 
information within the next five to twenty years. This supports the finding of Bärlund 
and Carter (2002) that non-research users require climate information up to twenty years 
from now. However, for long-term decision making such as deciding whether to plant a 
new grape variety, a large proportion of participants (48%) indicated that information 
about the timeframe of 6-10 years into the future would be most useful. The climate 
modelling (i.e. projections) that project information closest to these timeframes are for 
specific dates in the future, e.g. 2030, 2050, 2070 (e.g. OzClim (2013) climate change 
scenario generator, available at http://www.csiro.au/ozclim/home.do), rather than, for 
example, “6 years from now”. The time periods of fifteen or more years in the future 
that are currently provided (e.g. projections for 2030, 2050, 2070) are too far into the 
future to be useful for these Users. 
 
Climate change predictions covering the time periods of one year to a few 
decades are technically possible, but not explicitly delivered in the output of current 
climate change models (Vera et al., 2010). There is, however, increasing recognition of 
this need, with several large climate research centres recently focusing on this decadal-
scale climate prediction (as opposed to projection; Hurrell et al., 2009; Taylor et al., 
2012; e.g. The UK Met Office Hadley Centre’s global decadal prediction is available 
online here http://www.metoffice.gov.uk/research/modelling-systems/unified-
model/climate-models/depresys). Decadal scale prediction involves time periods 
between seasonal/interannual forecasting and longer-term projections, with a focus on 
the next ten to thirty years at regional scales (Meehl et al., 2009). These have accurately 
been identified as time scales of use to Users in various sectors (Meehl et al., 2009), and 
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are supported by the findings of this research. The credibility of these predictions for 
use by both research and non-research Users has not yet been proven, and significant 
challenges remain to be addressed (Murphy et al., 2009; Meehl et al., 2013). Because 
climate prediction over the time period of less than ten years from now is still in the 
early stages, the literature on adaptation continues to focus on providing information on 
decadal scales, up to one hundred years into the future (Rummukainen, 2010).  
 
Modelling of future time periods (e.g. 2030, 2050, etc) has been conducted for 
Australia by CSIRO and other organisations (e.g. The CSIRO Mk3.5 Climate Model; 
Gordon et al., 2010), and has been presented in a User-friendly format (e.g. OzClim 
(2013) climate change scenario generator, available at 
http://www.csiro.au/ozclim/home.do), but it does not allow Users to specify shorter or 
different time periods, or to specify the regions over which they would like to receive 
the information. Rather, it is presented over areas the size of states. Although many of 
these Providers have a good idea of the time periods over which their Users would like 
to receive information, there is often a trade-off between the level of local detail 
requested by Users and the technical capabilities of the climate models and non-
technical constraints (e.g. monetary, computing time, work hours, etc; Holman et al., 
2005; Puma, 2012).  
 
6.2.4 Finer resolution future climate information 
There was a large discrepancy observed between User and Provider opinions as 
to whether Users only require broad future climate information for long-term decision 
making. This indicates that these Users do not require further downscaling of long-term 
future climate information; while downscaling of this type of information remains a 
clear focus of the majority of the Providers. The Providers’ responses to the questions 
about localised information and broad information (see section 6.1.3.) presented a 
consistent storyline, indicating that they believe Users need more localised information 
and that broad climate information is not adequate; however, the Users’ responses are 
perplexing in that they do not necessarily present a consistent perspective. The majority 
of Users responded that they only need broad climate information for long-term 
decision making, but they were then split half-half as to whether or not they needed 
more localised information.  
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The result that half of these Users indicated that they do not need more localised 
future climate information disputes the perspective of two-thirds of the Providers who 
believe that Users want more localised information. It also counters the assertion of 
Bärlund and Carter (2002) that on-ground Users usually require finer resolution 
information. This result supports the results of Holman et al. (2005), who discovered a 
trade-off level of detail of information deemed acceptable by their Users. It is not 
possible to determine from the available data what is influencing the opinion of half of 
these Users that they do not need more localised information.  
 
It is possible that the inconsistency relates to the scale of information already 
received by Users. If half of the Users already receive localised information, they may 
not need information that is more localised. It is equally possible that their opinion 
derives from not realising how useful more localised information could be; or that they 
do not believe that any information (no matter how localised) is useful. In addition, it is 
possible that this inconsistency is derived from the vague wording used in the phrasing 
of the question about broad climate information. This question could have been 
interpreted differently by different participants, for example, some participants may 
have interpreted it as meaning broad in terms of space and other participants may have 
interpreted it as meaning time, or a combination of the two. The question also does not 
specify whether the broad climate information is referring to a spatial or temporal scale 
(as intended) or whether it is instead referring to providing a broad variety of types of 
information. 
 
Further, the question about localised information did not delineate the timeframe 
of decision making to which it was referring, meaning that it did not specify whether 
Users wanted (or did not want) more localised information for short- or for long-term 
decision making. Users may, therefore, have interpreted the meaning of the question 
differently, and as such, responded differently. It is also possible that the split between 
participants’ responses derives from the phrasing of the statement about localised 
information. The statement refers to “specific sites”, which may have influenced how 
participants chose to respond, depending on whether, for example, they do believe that 
more localised information is necessary but wish to receive it at regional scales. 
These findings support the idea that while future climate information based on 
climate modelling remains important in the context of understanding likely future 
changes, it is necessary to move beyond the belief that more information will fix the 
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problem and instead focus on ‘robust’ decision making (see, for example, Dessai and 
Hulme, 2007; Dessai et al., 2009; Lemos and Rood, 2010; Tàbara et al., 2010; 
McInerney et al., 2012).  
Whetton et al. (2012) showed the potential advantage of using representational 
climate futures with associated likelihoods as a framework within which to present 
more detailed climate information for regions, and that this approach was in keeping 
with the simplicity requested by User groups. In applying their future climate 
descriptions for User groups, they found that some Users did not require as detailed 
climate information for their decision making as had been expected. This idea is 
reflective of the growing number of climate scientists who have been addressing 
adaptation decisions without the need for highly accurate climate predictions (Dessai et 
al., 2009). Indeed, Dessai et al. (2009) assert that robust decision making can be 
achieved by presenting the User with a suite of plausible future scenarios of climate 
change which would allow them to better understand their vulnerabilities and potential 
ways of addressing them that are valid under any of the scenarios (Dessai et al., 2009). 
A necessary step in this process is, as this research has done, identifying the specific 
information needed by on-ground Users for their adaptation planning. This is gaining 
momentum in the literature (e.g. Vera et al., 2010; Dilling and Lemos, 2011; Millner 
and Washington, 2011). The most recently championed term for robust decision-centred 
information for Users is “actionable” (e.g. Kirchhoff et al., 2013a). 
In short, downscaling to finer spatial resolutions may be applicable for 
information provided to Users in viticulture for their shorter-term decision making, but 
is not necessary when providing longer-term climate information to assist in managing 
climate change adaptation in the viticulture sector.  
 
6.2.5 Uncertainty 
This idea of addressing climate change adaptation needs through robust 
strategies is aligned with the fact that these Users indicated that they would still take 
climate change into consideration in their decision making, despite the inherent 
uncertainties. This finding supports previous evidence of the same phenomenon. For 
example, the PRUDENCE project is one study which showed that there are instances in 
which less detail of climate information is still enough detail for a particular need 
(Christensen et al., 2007). Another example is the finding of Tribbia and Moser (2008) 
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that when planners received less certain, or less detailed information, they simply 
analysed it integrating knowledge of its uncertainty. Mearns (2009) also asserts that 
finer resolution information is not always necessary to meet User needs. She argues 
that, rather, it holds the potential to create problems with Users’ expectations because 
the level of detail implies a level of accuracy that is not necessarily true and therefore 
can lead to instances of maladaptation because Users either incorrectly interpret the 
information or they perceive it as being more trustworthy than it necessarily is (Mearns, 
2009). This idea is also supported by Sarewitz (2004), and Kokic et al. (2012), in 
asserting that more detail simply provides more options, but not necessarily better 
options.  
This research indicates that these Providers mostly have at least a general level of 
awareness of User needs, and that these Providers are able to provide the future climate 
information that these Users need. The findings of this research indicate that there is a 
need to focus modelling resources on time-frames in greatest demand by Users. While 
longer timeframes may be appropriate for some Users, the needs of this User group 
would be better reflected through less investment proportionately in these longer 
timeframes and more investment proportionately in the gap between timeframes 
discussed above. 
 
6.3 Chapter summary 
 
This chapter has presented results from the Provider survey, in side-by-side 
comparison with some of the results from the User survey (Chapter 5), to explore the 
extent to which the Providers of climate information are aware of, and able to provide, 
the future climate information that these Users in viticulture need. It has presented 
results about the types of information, including specific climatic variables and spatial 
and temporal scales, that these Providers provide to their Users, as well as their 
perspectives on whether finer resolution information is necessary. Perspectives of 
Providers and Users as to whether User needs are being met have been indicated 
through comparable survey questions to allow easy comparison of results. The key 
findings of this chapter are as follows: 
 More Users believe that the types of future climate information they are 
receiving are not meeting their needs than do Providers; 
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 Less than a quarter of Provider survey participants had seen homoclimes for 
their region, and only half of those indicated that they present information of 
this kind to their Users; 
 Providers generally indicated that they knew that their Users liked to receive 
future climate information in the form of homoclimes, but that they were 
uncomfortable with providing it; 
 Homoclimes are viewed by most of the Provider participants as a viable 
starting point from which to enter into a more detailed conversation about 
likely climatic changes; 
 Both Users and Providers have widely varying opinions about whether the 
spatial scale of future climate information provided or received is about right 
for what Users need; 
 A large proportion of these Providers aim to provide information over spatial 
scale the size of regions, as wanted by the viticulture Users from the 
previous survey; 
 User responses indicate that future climate information provided over very 
local, somewhat local and regional spatial scales are all almost equally as 
useful for their decision making, therefore information provided at regional 
scales is acceptable without further downscaling; 
 The majority of the Providers held the view that it is not a lack of finer 
resolution information that is stopping them from better meeting User needs, 
but rather a suite of other issues; 
 Users in this research are in two minds about whether or not they need more 
localised future climate information, but Provider survey responses indicate 
that Providers believe Users need more localised information; 
 Approximately a third of both Users and Providers agree or strongly agree 
that the timeframe over which future climate information is provided is not 
meeting User needs; and 
 There is a large gap between time periods of information that are supplied by 
Providers, those which Providers perceive that Users demand and those 
which Users actually demand. 
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Chapter 7: Results – comparing User and 
Provider perspectives on co-production of 
future climate information 
 
This chapter presents the background and results from the interviews and survey 
with Providers and the follow-up survey with Users in viticulture to compare User and 
Provider perspectives on co-production of future climate change information. The 
objective of this chapter is to indicate the points of connection and difference between 
the perspectives of Users and Providers in terms of the extent to which co-production is 
occurring, the barriers affecting how successfully it is, or is not, occurring, and how 
those barriers might be overcome.  
As such, this chapter presents comparative analyses to address key research 
questions number 4 and 8 (see Chapter 1: section 1.2): 
 How prevalent is co-production of information with Users? Is it the ‘norm’? 
 What are the barriers to Providers better engaging with their Users, and how 
might those barriers be overcome? 
 
This chapter also addresses the following objectives of Stage Four of the thesis: 
 To identify whether these Users in viticulture have been provided future 
climate information that meets their needs and whether their information 
needs have been discussed with them in the early stages of designing the 
project; 
 If these Users in viticulture have not been consulted, to explore their views 
on why that consultation has not occurred and how to overcome potential 
barriers; and 
 To compare the results of this research with Users in viticulture with the 
results of previous research conducted with Providers of future climate 
information. 
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7.1 Background 
 
Over the past few decades three dominant modes of interaction have emerged 
between scientists and Users of scientific information: ‘science push’, ‘demand pull’ 
and ‘co-production’, the latter being a combination of the first two (Dilling and Lemos, 
2011). The majority of the literature about these modes has focused on the science-
policy interface. This research expands the exploration of the ‘co-production’ mode 
beyond that of policy Users, to Users in the primary industries, who have traditionally 
been treated in the literature and in extension practice as passive recipients of scientific 
information. It presents an example, using qualitative evidence, of: how perceptions 
have changed; how the system of communication and knowledge sharing is changing; 
and how the interaction between the Providers and Users of future climate information 
is improving. This background section gives a brief overview of the three dominant 
modes of interaction and then provides an outline of the issues on which this chapter 
focuses. 
The ‘science push’ was embodied by blue sky thinking and focused on knowledge 
production, without the thought of that knowledge necessarily being of direct use in 
solving societal problems (Stokes, 1997; Dilling and Lemos, 2011; Kilduff et al., 2011). 
The assumption was that information derived from climate modeling would be useful 
for a range of applications across primary industry (including agriculture) and other 
sectors (Dow and Carbone, 2007; Fowler et al., 2007). Lack of consultation with 
potential Users of climate information to ascertain their decision-making needs led to a 
relatively low level of future climate information uptake (Stone et al., 2001; Meinke et 
al., 2006; McNie, 2007; Power et al., 2007). The resulting discourse in the academic 
literature has focused on the need for climate scientists to engage with Users (e.g. 
Demeritt, 2000; Bärlund, and Carter, 2002; Jagtap et al., 2002; Turnpenny et al., 2004; 
Meinke et al., 2006; Dilling, 2007; Dow and Carbone, 2007; Sarewitz and Pielke Jr., 
2007; Kirchhoff et al., 2013a). 
Recognition of the ‘demand pull’ mode has resulted from this discourse (e.g. Carr 
and Wilkinson, 2005; Dilling and Lemos, 2011), leading to a considerable effort on the 
part of climate scientists to engage with policy makers (e.g. Pielke Jr. and Conant, 
2003). This recognition helped to change the focus from the production of information 
for the sake of greater knowledge to  a focus on engagement with Users of information 
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to help solve societal problems. While this new approach helped to focus on User needs, 
a key limitation was that production of information was not necessarily iterative. 
Further, there is a dichotomy presented in the literature between providing finer 
resolution information and ‘robust’ decision-making that does not necessarily require 
finer resolution information. This indicates an additional limitation of the ‘demand pull’ 
mode – that Users may not be aware of what information they need nor of what is 
available (Kuhlthau 1991; Kujala 2003, 2008; Sarewitz and Pielke Jr. 2007; Rice et al., 
2009).  
The limitations of both the ‘science push’ and ‘demand pull’ modes has led to the 
development of a third mode of interaction, referred to as ‘co-production’ of knowledge. 
‘Co-production’ requires an iterative process between producers and Users from the 
outset of projects (Agrawala et al., 2001; Lemos and Morehouse, 2005; Dilling and 
Lemos, 2011). A key benefit of this mode is that active collaboration in the process of 
producing information for decision making should mean that when both Users and 
scientists guide the knowledge generation, Users’ needs are better catered for (Dilling 
and Lemos, 2011). In other words, communication is the key to devising and providing 
information that is scientifically robust, relevant and usable in ways that are 
technologically and financially feasible (Cash and Buizer, 2005).  
This research considers Providers’ perspectives of engaging with Users and 
providing them with future climate information. The focus is on the usefulness of 
available future climate information to assist on-ground decision-makers to adapt their 
practices to manage climate change. Specifically, it assesses whether the Providers of 
climate information are aware of, and able to provide, the future climate information 
that their Users need; whether they believe that providing information at a finer 
resolution is useful for their Users; whether co-production of information is the norm; 
and what the barriers are to better engaging with their Users and how those barriers 
might be overcome. 
 
 
 
139 
Miriam Dunn User and Provider perspectives... 139 
7.2 Users’ perspectives on co-production and engaging 
with Providers: results of the follow-up survey with 
viticulturists 
 
This section presents the results of Part Four of the research – that is, the follow-
up survey with viticulturists in the initial case study region. There were six closed 
response questions, and three questions that asked the participant to mark their response 
on a graph. The complete survey is presented in Appendix D. 
Seven of the eight participants (one responded “unsure”) responded “no” to the 
question “Have you ever been consulted about the kinds of future climate information 
you want for your decision making in viticulture by a provider of climate information 
who wants to design a project which would address your needs”.  
Hence, when a further question asked “if so, at what stage in the process did 
they discuss it with you?”, all of the participants also responded that they have never 
been approached about their information needs. This issue is addressed further in 
section 7.4 and also in Chapter 8: section 8.5. 
When asked “To what extent do you feel that providers of climate information 
are effectively working with people involved in viticulture to understand your climate 
information needs and to develop information or products that will meet your needs?”, 
participants’ opinions varied, the majority responding on the negative to neutral end of 
the scale, and only one participant responding that Providers are “somewhat” effectively 
working with Users to understand and meet their climate information needs (Figure 
7.1). 
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Figure 7.11. Participants’ responses to the question “To what extent do you feel that providers of 
climate information are effectively working with people involved in viticulture to 
understand your climate information needs and to develop information or products that 
will meet your needs?” (n = 8). 
 
The majority of participants responded “neutral”, while smaller numbers 
responded “not at all”, “not very much” and “somewhat”. In other words, according to 
all but one of these viticulturists, co-production of information is not occurring to a 
satisfactory level in viticulture in their region. To explore these Users’ perspectives on 
working with Providers, they were asked “which of the following factors affect or 
would affect whether you choose to work with people who provide climate information 
when they are trying to develop products for you?” (Figure 7.2). 
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Participants were invited to choose as many responses as were applicable. All of 
the participants responded that “whether or not it is useful to my business” was a factor 
affecting whether or not they chose to work with Providers (Figure 7.2). Roughly a third 
of participants also said that the amount of time and effort required in the process and 
the different timeframes that are expected are contributing factors (Figure 7.2). 
When asked which factors they thought affected whether or not they receive the 
kinds of climate information they want, Users responses ranged over different factors 
(Figure 7.3). “Whether there is enough fine detail climate information for [their] 
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particular area” was seen by all but one of the participants as a determining factor, 
closely followed by “whether [the participant knows] where to find the information”. 
Smaller numbers of participants also indicated that “whether Providers of climate 
information understand [their] needs” and ‘uncertainty of the climate information” were 
contributing factors, while one participant chose “other” (Figure 7.3). That participant 
stated that the “currency and timeliness of information and its relevance for immediate 
(3-4 days) and longer (12 months) decision making” was an influencing factor. It is 
important to note that only two of the eight participants chose uncertainty of the climate 
information as a factor influencing whether or not they receive the kinds of climate 
information they want. This contrasts with the mainstream idea in the relevant literature 
that suggests that uncertainty needs to be reduced before information can be useful. 
 
Figure 7.33. Participants’ responses to the question “Which of the following factors affect whether 
or not you receive the kinds of climate information that you want?” (n = 8). 
 
Participants were also asked to indicate how they thought the factors discussed 
in Figures 7.2 and 7.3 could be overcome and this identified different opinions about 
how to overcome the barriers. This included: open and honest dialogue between 
Providers and Users from the beginning of projects; properly contextualising the 
provided climate information; and future climate information being provided in the 
form of general, likely scenarios that can be integrated into robust risk management 
strategies (Figure 7.4). 
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Figure 7.44. Participants’ responses to the question “How do you think the factors you identified in [the 
previous question] could be overcome?” (n = 8). 
 
 
7.3 Providers’ perspectives on co-production and 
engaging with Users 
 
This section presents the results from the questions about co-production and 
engaging with Users from the Provider interviews and survey. When asked who they 
believe dictates useful scientific research, all but one of the Provider interviewees 
asserted that it is dictated by Users of the information which is produced, with some 
expressing the caveat that this assertion must take into account the justification for the 
research.  
 
 
Interviewee D stated it this way: 
ultimately if you want something to be usable, it has to be usable to the person making the 
decision. So that means in a lot of cases, it might not be usable because it’s not very relevant, or 
it’s not … totally not the right scale, or it’s not coming at the right time in their decision 
process…  
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…there’s definitely something on the supply side, the science supply, where it has to be good 
information, has to be credible and developed well, and all of that. But ultimately it’s … the 
framework of getting value has to be in the eye of the people using it. And if your whole 
question is about… was this information usable… The answer has to be from a perspective of 
the people making the decision. 
7.3.1 The need to work with Users to provide information that is 
useful to them 
Interviewee L expressed a view that Users are not necessarily always in the best 
position to decide what information they actually need to make a particular decision due 
to factors including lack of knowledge of what climate science is capable of (Sarewitz 
and Pielke Jr., 2007) and lack of expertise or competence in various methods. However, 
the general attitude was that Providers of climate information are also not necessarily in 
the best position to decide what information is needed by Users, and that the Providers 
and Users need to co-produce the information to ensure its usefulness. Using this 
approach, Providers’ expertise could guide a better understanding of the climate 
projections and provide input as to what information may be useful to achieve the 
desired outcome, but Users would be an equal partner in the process. Some examples of 
this theme from the interviews are listed in Table 7.1.  
The majority of Provider interviewees assert that co-production is occurring 
more often than previously, but not in all circumstances; that it is only appropriate if the 
aim is to produce information which is usable on-ground (as opposed to theoretical or 
other knowledge, such as technical knowledge of changes); and that there is a difference 
between different communities or sectors as to how successfully co-production has been 
implemented (Table 7.2).  
Some interviewees also expressed the viewpoint that whether or not co-
production occurred was project-dependent, as they felt that it is appropriate to work 
with on-ground Users in co-producing information in some circumstances and not in 
others, depending on the desired impact of the science.  
Table 7.1. Examples of the theme of co-production of information being necessary. 
Interview Comment 
Interview E ... it really is a two-way thing ... we know about the Providers just trying to 
throw things over the fence, okay, that doesn’t work.  But actually it also is 
a bit of a problem, usually, to just ask Users, “What do you want?” 
because what they want might be not that well informed by (a) by what’s 
possible and (b) there’s a kind of a process of thinking through it… 
…. 
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So it’s a process of learning and dialogue, the back and forth between ...  
the science and the information Providers and the User groups to help ... to 
kind of zoom in on what really is needed and useful.   
Interview G There’s been a real effort … to make sure that all information is accessible, 
but … Users will often think that certain information or a particular risk is 
or is not relevant, but the evidence may be different.  
Interview K … often what they first ask for isn’t what they end up using because they 
come with certain assumptions… 
…. 
 
In the better planned projects we may be asked to come in as collaborators 
into the planning stage … And then … we’re more likely to get an 
allocation of dollars for doing it…  
 
Table 7.2. Examples of comments from Provider interviewees expressing the idea that more 
climate scientists are actually working with Users and co-production is occurring, 
but at different levels within different sectors, and that some sectors have been 
achieving it more successfully than others. 
Interview Comment 
Interview G It’s gotten better over time … different communities have moved forward 
at different speeds on having these science User kinds of discussions, so 
that the producers and the Users of the information really understand each 
other’s perspectives. Science is one voice. In decision-making, it has to 
provide information that’s relevant to the end User. 
Interview C … the academic context has shifted dramatically over the past, say, 
particularly over the last five years in terms of really this emphasis on 
working with real stakeholders.  
Interview D We’ve had workshops again with them, where we’ve gone to DC and 
gotten all the people in the room with fund research, and said, “Okay, 
here’s what we’ve found. Is this useful or not useful to you?  
Interview K I think co-production of knowledge is … more the norm here than not.  It’s 
not just the case of us saying, here’s some numbers … Sometimes people 
really do need to have their hands held all the way through the process...  
 
The results from the Provider survey cover engaging with users but are not 
specific about co-producing information (Figures 7.5, 7.6 and 7.7). The author 
recognises that these two terms are not synonymous, but that, rather, engaging with 
Users is a necessary step towards co-producing information. On reflection this was a 
caveat in the Provider survey which was not realised during the pilot phase. The 
discussion on engagement with Users presented here is therefore intended as a 
recognition that engagement is a necessary precursor to co-production. The majority 
(58%) of Providers indicated that they engage Users from the development stage of a 
project and continue engaging them into later stages (Figure 7.5). Ten percent indicated 
that they do not engage Users during their projects, while less than twenty percent 
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(combined) of survey participants indicated that they either engage Users only in the 
development stage of a project or only at later stages in a project (Figure 7.5).  
Although the majority of survey participants indicated that they engage Users 
from the beginning of a project and continue engaging with them into later stages, the 
Providers are not necessarily co-producing the information (Figure 7.6), and could be 
instead exhibiting the ‘demand pull’ mode (see section 7.1). This is shown by the more 
even spread of responses to the question “To what extent do you co-produce 
information with potential Users of that information?” (Figure 7.6). Approximately 
thirty percent of survey participants responded that they co-produce information with 
potential Users “somewhat” and “not very much”, indicating that two opposing 
perspectives exist within the sample. Twenty-two percent of participants indicated that 
they co-produce information “very much”, while ten percent indicated that they do not 
co-produce information at all. In other words, more than fifty percent of these Providers 
assert that they co-produce information with Users either “somewhat” or “very much”; 
which contrasts with the findings from the Users in the initial viticultural region who all 
indicated that they had never been approached in a co-production mode. However due 
to the very small number of participants involved in the follow-up viticulture survey, it 
is possible that this result is merely a reflection of an insufficient sample size. 
 
Figure 7.55. Survey participants’ responses to the question “at what stage in a project do you engage Users?” 
(n = 54). 
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Figure 7.66. Survey participants’ responses to the question “To what extent do you co-produce 
information with Users of that information?” (n = 54). 
 
A similar pattern emerged in survey participants’ responses to the broader 
question “How prevalent would you say that co-production of information with 
intended Users is in your discipline”? (Figure 7.7).  
 
Figure 7.77. Survey participants’ responses to the question “How prevalent would you say that co-
production of information with intended Users is in your discipline?” (n = 54). 
 
Approximately the same proportion of participants answered “somewhat 
prevalent” or “very prevalent” as the proportion who responded that they personally 
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“somewhat” or “very much” co-produce information (see Figure 7.6), although the shift 
was more towards “somewhat prevalent” in the case of the prevalence of co-production 
in the Provider’s discipline. Approximately half as many participants responded that 
they considered co-production of information with intended Users to be “not at all” 
prevalent in their discipline compared to the proportion of participants who responded 
that they personally do not co-produce information at all (Figure 7.7).  
In other words, these Providers tend to have the perspective that co-production is 
more prevalent in their disciplines in general than in their own professional projects. 
Whether this is rhetoric or action demonstrated by their colleagues is, however, yet to be 
determined. 
 
7.3.2 Barriers to engaging with Users and co-producing 
information 
The majority of Provider interviewees perceived that there is a lack of 
institutional incentives and personal and professional rewards for engaging with Users. 
Rather than engagement, they feel that the reward system is linked to publishing in high 
impact journals. The majority of interviewees expressed the opinion that there is a lack 
of funding for this type of research and that the many demands on their time meant that 
they did not have as much time to put towards engaging with Users as they would 
necessarily like. Several of the interviewees also perceived the worldview of some in 
the climate science research community to be a barrier to better engaging with Users. 
Several of the interviewees also held the view that in some instances there was a 
lack of documentation of User needs. Many interviewees also indicated that the lack of 
a clear metric for usefulness can be a barrier to providing information that Users want.  
Some examples of the views discussed above are given in Table 7.3. 
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Table 7.3. Quotes from interviewees discussing barriers to co-producing climate information 
with intended Users of that information. 
Interview Comment 
Interview A … if you want to be ... a high prestige scientist working in a high prestige 
institution getting money to do your research, then you’re going to do what 
the culture rewards most which is publishing in high prestige journals and 
getting citations and going to meetings and getting big grants, so that has 
nothing to do with providing information that is actually valuable for 
decision-making. 
Interview D 
 
 … I mean, how do you measure… the impact that it really has on 
somebody's decision-making? … I think that's really hard. 
 
…. 
I talk about usable science to a general … group of scientists, they tend to 
say, “Well all my information is useful. It's all useful. I'm working on 
climate, of course it's useful.” So it's like, “Well, but how do you know? Or 
how do you know that it's actually reaching anybody?” It's like, “Well, but 
it's about climate, and it's improving the predictions and the skill.” And it's 
like, well ... how do you know? And most of them don't. Most of them just 
have a mental model in their head that that's useful. 
Interview G
  
There are still a number of scientists with the world view that they’re the 
expert who delivers relevant knowledge. 
Interview J And I think that’s where things often go wrong, that we’re not very clear 
about what the desired outcomes are.  And often in policy, or more 
importantly, in politics, a lot of these things are actually hidden.   
Interview M … we’ve only got a limited budget … and two years … so we will not be 
making a big study of what the implications will be for the future.   
 
While just under thirty percent of survey participants did indicate that they 
consider the lack of institutional incentives and personal and professional rewards for 
engaging with Users to be one of the barriers to co-producing information with Users 
(as suggested by interviewees), different perceived barriers were indicated by more than 
half of the participants to be important (Figure 7.8). The two perceived barriers that 
were selected by the majority of participants were: a lack of funding and limited 
available time; and the different timeframes that are expected by Users and Providers of 
information (Figure 7.8). Also notable was the perceived lack of institutional incentives 
(“publish or perish”) and the time and effort required both to build relationships with 
Users and to ensure that Users understand the caveats associated with the information. 
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Figure 7.88. The perceived barriers to co-producing information with Users. (n = 52) 
 
The idea that blue-sky research is also needed in addition to applied research 
permeated the interviews. But the recurring theme was that it is the justification of the 
research that needs to be clear and adhered to. If scientists were working on blue-sky 
research, they should simply say so. However, if a scientist claims that their research is 
useful for a particular User group, they should take steps to ensure to the best of their 
abilities that it is. This view was expressed by Interviewee D: 
But mostly my beef with people is in the justification. And if people claim that they're doing  
research that's usable to people, they have to have some sort of way that they're trying to figure  
that out…the claim you're making… that's what I'm suggesting we need to be really honest 
about. 
 
In addition to the barriers to co-producing information, participants were asked 
about the barriers preventing them from providing the types of information that Users 
want. One of the barriers that the interviewees expressed as preventing better 
engagement with Users was the amount of time and effort it takes – both to build the 
relationships with Users and to understand their needs but also to transform the 
information into a usable form for the Users (Table 7.4).  
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Table 7.4. Quotes from interviewees discussing barriers to better engaging with Users and to 
providing information that Users need. 
Interview Comment 
Interview G … it’s not always easy to figure out appropriate forms for having these 
discussions … Who is a legitimate voice for Users? How do you ensure 
that you don’t just talk to the one person who is on the tail of the 
distribution and is not representing the range of views? So there’s a lot of 
challenges with that. 
Interview H You have to provide them with what they’re perhaps used to from 
observations, which doesn’t necessarily get spat straight out of a climate 
model.   
Interview J … the time frame between science and policy are very, very different.  
Science needs a long lead-time… three years is probably the bare 
minimum for some of the questions being asked, as policy needs the 
answers by close of business today. 
Interview C I suppose if we had more time and energy we could go out and try to 
access more just pure stakeholders, but that takes a lot of time and effort. 
The data set is sided in a lot of User outlets but I just haven’t had the time 
to really look at how people are using it. 
Interview K … [we] climate scientists have all grown up as climate scientists; we know 
climate inside-out.  We understand climate modelling but we don’t know a 
great deal about what goes on in agricultural models. 
 
The time needed to explain and deal with the uncertainties associated with future 
climate information was also seen as a barrier to providing the types of climate 
information Users want; as was the feeling that it will take too long for Users to 
understand the caveats surrounding the information being provided. Some of the 
interviewees also stated that the different timeframes that are expected presented a 
barrier to better engaging with Users and to providing the kinds of information that 
Users want, as Users generally wanted information to be provided within shorter 
timeframes than scientists could provide (Table 7.4).  
Provider survey participants’ opinions about the barriers preventing them from 
producing the types of information that Users want were generally in-line with the 
perspectives of the Provider interviewees. The two factors considered by the largest 
proportions of Provider participants to pose barriers to providing the types of climate 
information that Users want were “Users’ perceptions of their needs” and “uncertainty 
in the data” (53% and 52% of participants respectively; Figure 7.9).  
A lack of finer resolution data for the particular area was selected by forty-five 
percent of Provider survey participants as a barrier to producing the kinds of 
information Users want (Figure 7.9). Other issues included lack of documentation of 
User needs, lack of a clear definition of desired outcomes because of political agendas 
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and the like, lack of a clear metric for usefulness, and other (Figure 7.9). Some of the 
barriers raised by Providers in the “other” category included: lack of knowledge and 
skills about how to co-produce information; communication between Users and 
scientists; lack of interest from relevant end-Users; not thinking that co-production is 
necessary for their type of research; and potential vested interests of some Users. 
 
Figure 7.99. Provider survey participant responses indicating the barriers preventing them from 
providing the kinds of future climate information that Users want. Note that 
participants could choose as many options as they considered applicable, hence the 
totals do not add up to 100%. (n = 52) 
 
7.3.3 How to bridge the gap 
The general feeling amongst the interviewees was that open and honest dialogue 
between the two groups, from the beginning of projects, will help to ensure that Users 
are getting the information they need. This is considered to help determine the desired 
impacts and also to manage expectations of what each group expects from the other. 
The need to understand, and work within, Users’ existing decision-making processes 
and to put climate into perspective within the broader complex system were also 
considered key. Figure 7.10 provides a comparison between Provider and User (from 
the survey to all viticulture regions in Australia) survey participants’ responses when 
asked how strongly they agreed or disagreed with the statement that “it is important for 
future climate information to be provided in context of other decision-making factors 
within the business and sector”.  
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Figure 7.1010. A comparison between User (n = 180) and Provider (n = 55) perspectives about 
whether it is “important for climate information to be provided in the context of other 
decision-making factors within the business and sector”. Note that the term Users refers 
to financial context, while Users pt2 refers to context of the wider wine grape sector. 
 
Figure 7.10 shows that a much larger proportion of Users compared to the 
proportion of Providers agree that it is important to contextualise climate information. 
However, the number of Providers who “strongly agree” that it is important is almost 
double that of the Users but still only about half as many as Users who “agree” with the 
statement. Overall, the percentage of Users who agree or strongly agree is slightly larger 
than that of Providers; but Providers were more likely to indicate that they strongly 
agree. There is a much more even spread of Providers, with roughly the same number of 
Providers agreeing, strongly agreeing and neither agreeing nor disagreeing (Figure 
7.10). This is a difference in level of agreement only – not in direction of whether they 
agree or disagree. This indicates that Users and Providers have broadly congruent 
opinions that contextualising climate information is important. 
Rather than being prescriptive about how this process should occur, the majority 
of interviewees held the view that this could be achieved by ensuring flexibility within 
organisations and institutions. That is, flexibility both in the ways that projects are 
expected to be designed and implemented, and in the metrics used to measure and 
award professional advancement (i.e. the inclusion of successful engagement with Users 
as a way of achieving career advancement). Examples of these sentiments are given in 
Table 7.5. 
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Table 7.5. Examples of the views held by interviewees about how to bridge the gap between 
demand for, and provision of, climate information. 
Interview Comment 
Interview D  I mean, the first step is obviously knowing what are the demands… 
Interview G … providing flexible organisations and institutions, having dialogues with 
Users, and creating a process where at each point the best information is 
provided to support the best decision, and knowing that it’s always going to 
be uncertain. 
Interview H I’ve seen it work both ways … it doesn’t really matter as long as they talk to 
each other at some point.  I think that’s the key aspect. 
Interview J …we need to have much more of a User-driven approach to these sorts of 
things, and … recognise that by treating climate as something separate, we 
actually do ourselves a big disservice ...  In some instances, climate is very 
important.  In other instances it’s not … we need to find a way to have that 
sort of desired impact conversation upfront, so that … the sector as a whole 
can clearly articulate what it actually is that they need from climate 
scientists. 
 
 
 
 
 
7.4 Discussion 
 
7.4.1 Co-production of information between Providers and 
Users 
Although User participants’ opinions varied as to the level of co-production of 
information that they had experienced, their opinions varied on the negative to neutral 
end of the scale, indicating that these Users do not consider that co-production is very 
prevalent in their viticultural district. When asked “to what extent do you feel that 
providers of climate information are effectively working with people involved in 
viticulture to understand your climate information needs and to develop information or 
products that will meet your needs?”, User participants responded on the negative to 
neutral end of the scale (i.e. not at all, not very much, neutral), and only one participant 
responded that Providers are “somewhat” effectively working with Users to understand 
and meet their climate information needs. 
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There appears to be a gap between co-production rhetoric and the on-ground 
reality. The majority of Provider survey participants indicated that they engage Users 
from the beginning of a project and continue engaging with them into later stages, but in 
the follow-up survey of Users, all of the participants indicated that they had never been 
approached about their information needs. Providers, however, presented a more 
positive view of the level of prevalence of co-production of information with Users. 
This is shown by Provider responses to the question “to what extent do you co-produce 
information with potential Users of that information”. A total of fifty-two percent of 
Provider survey participants indicated that they co-produce information “very much” or 
“somewhat” (22% and 30% respectively). In other words, just over half of Providers 
assert that co-production is occurring more often than previously, but not in all 
circumstances, while the User participants from the follow-up survey in a viticultural 
district assert that co-production in their district and sector is basically non-existent. 
Further, almost half of these Providers do not believe that it is “the norm” in their 
disciplines; only a very slight majority of them are co-producing to some extent; and 
most of those are only somewhat co-producing information with Users. The Providers 
indicating that it is happening in some instances only supports the fact that co-
production remains a complex and time-consuming process (Dilling, 2007). 
Providers do, however, note that there is a difference between different 
communities or sectors as to how successfully co-production has been implemented; 
and many of these Providers do also work with sectors other than viticulture, rather than 
exclusively with Users in viticulture. Therefore it is possible that different sectors have 
had different experiences of the level of co-production between Users and Providers 
than has occurred in this district and viticulture sector. However it is also possible that 
the difference seen results from the continuing gap between rhetoric of co-production of 
climate information and the reality on-ground in the majority of situations. 
Because Users’ perspectives on this question were only explored in the small 
follow-up survey it was only a very small sample of Users, which means that it is not 
possible to definitively assert whether the view that co-production is basically non-
existent in their region and the viticulture sector is held more widely by viticulturists in 
Australia, or only by this small sample thereof. The issue of co-production was one of 
the key issues that arose after the initial survey with Users had already been conducted – 
this point in itself is quite revealing. The fact that the idea of co-production of 
information was not discussed by the Users during the initial User interviews or survey 
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suggests that the idea of co-production was not prevalent in the minds of those Users, 
and therefore supports the idea broached in the small follow-up survey that co-
production is in fact not prevalent in this region and sector. 
These Providers paint a rosier picture of the extent to which they believe co-
production is prevalent in their disciplines than the extent to which they themselves co-
produce future climate information with Users. However it is not possible to determine 
whether this perspective derives from rhetoric in the disciplines or from action 
demonstrated by their colleagues. It does however suggest that a discrepancy may in 
fact be present between the rhetoric and the reality of co-production. This is supported 
by the findings of Ford et al. (2013) in their analysis of 23 climate change research 
projects that identified informing decision-making as a specific goal. They found that 
co-production was prevalent in the rhetoric of the research goals, but that less than half 
of the projects co-produced objectives with decision makers. Although “co-production” 
of information is increasingly developing as a theme in scientific literature regarding 
climate information which addresses User needs (Jasanoff and Wynne, 1998; Dilling, 
2007), the idea that it is prevalent on-ground is not supported by the findings from these 
Users in viticulture.  
Only very few modelling groups (providers of climate information) have, to the 
author’s knowledge, co-produced information with their Users in Australia in the past 
(e.g. Gaynor et al., 2011; Whetton et al., 2012; Macadam, 2012). Although the general 
information output was driven by end-User requirements, through extensive 
consultation with end-Users, the timeframes used for information output from the 
Climate Futures Tasmania project were based on the model output/abilities, as is 
generally the case (Corney et al., 2010; Corney, S. pers. comm., 6th September, 2013). 
This is also seen in the work of Puma (2012) for the water sector, which focuses 
strongly on developing scenarios that meet end-User needs. The spatial and temporal 
scales on offer are developed from the available model output, rather than delving into 
potentially different User needs than the scales available. The work of Maraun et al. 
(2010) has a similar framework, wherein generic User needs are determined for the 
hydrological impacts of climate change, but the information is framed by existing 
abilities of the models, rather than blank-paper needs of the Users.  
The idea that neither Users nor Providers on their own are necessarily always in 
the best position to determine what information is needed for a particular decision 
highlights the importance of specialisation and expertise – and the need for cross-
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disciplinary perspectives in problem solving. Climate scientists know a lot about 
climate science, but not necessarily a lot about each of the specific fields in which their 
Users work; therefore co-production of information makes sense. This finding that 
Users and Providers need to work together supports the findings of Dow and Carbone 
(2007), Sarewitz and Pielke Jr. (2007), Rice et al. (2009) and Porter et al. (2012). This 
result also supports the work of Sherrick et al. (2000), who conducted a survey of large 
producers in the mid-Western United States and found that a User’s willingness to pay 
for climate information does not necessarily accurately reflect the value of the 
information if the Users have less than accurate recollections of prior climatic events 
(which they tended to), which may lead them to undervalue the information. Therefore, 
although these viticultural Users were mostly not willing to pay for long-term future 
climate information (and only 41% were willing to pay a small, one-off fee for more 
localised near term information), it does not necessarily mean that it is not valuable. It is 
possible that their response is linked to their focus on the near term for achieving 
agribusiness success.  
Putting Users at the centre of the decision sphere by asking them about their 
long-term information needs separates this research from previous work, such as Daly 
(2006) in which researchers have presented what they consider to be the most 
appropriate timeframe over which to present information based on the abilities and 
characteristics of particular climate models and pre-conceptions about User needs.  
 
7.4.2 Barriers to co-production 
Provider and (viticulture) User perspectives about the barriers to co-production 
and to providing information that Users want align to some extent. In the follow-up 
survey with viticulturists, Users focused on the barriers of: whether or not the 
information was useful to their business; the time and effort involved in working with 
Providers; the different timeframes expected for receiving results; whether or not they 
were able to find the available information; and whether there was enough fine detail in 
the information for their specific region. Providers concurred with the assertions that the 
time and effort involved in working with Users; the different timeframes expected for 
receiving results; and the lack of finer resolution data for the particular area; were all 
barriers. They also added that a lack of incentives; a lack of personal and professional 
rewards; a lack of funding tied to such projects; Users’ perceptions of their needs; and 
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the worldview of some of the research communities were additional factors creating 
barriers to better engaging with Users and co-producing information. 
Users’ responses varied over different factors. In the follow-up viticulture 
survey, Users indicated that they considered the lack of finer resolution data for the 
particular area to be a factor influencing whether or not they receive the kinds of future 
climate information they require. However this is in contrast with the fact that a 
majority of Users in the original viticulture survey indicated that receiving information 
over a regional scale is acceptable for their long-term decision making. Therefore it is 
possible that in the follow-up survey Users are referring to short-term decision making 
needs; whereas Providers seeing this lack of finer resolution data as a barrier are most 
likely referring to providing finer resolution information for both short- and long-term 
decision making needs.  
It is important to note that only two of the eight participants in the follow-up 
survey chose uncertainty of the climate information as a factor influencing whether or 
not they receive the kinds of climate information they require. In contrast, 
approximately half (52%) of Provider participants indicated that they considered 
“uncertainty in the data” to be a barrier to co-producing information with Users and to 
providing information that Users want. In addition, there appears to be a discrepancy in 
these Users’ perspectives about whether uncertainty is an influencing factor in the 
provision of climate information. Only two of the Users in the follow-up viticulture 
survey considered uncertainty in the climate information to be an influencing factor in 
whether or not they receive the kinds of climate information they require; but seven of 
the Users indicated that whether there is enough fine detail climate information for their 
particular area is an influencing factor. This raises the questions: do these Users believe 
that they are not being provided the fine detail climate information for their area 
because it does not exist? Because it is too uncertain? Or for some other reason? 
Fine detail information has inherent uncertainties, however, the mainstream idea 
in the modelling community remains focused on the idea that uncertainty needs to be 
reduced before information can be useful for long-term decision making. The findings 
of this research show that the idea that uncertainty needs to be reduced is not necessarily 
true, and support the literature on “robust” decision making which focuses on the fact 
that having more detailed information does not necessarily lead to better decision 
making.  
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The barriers noted by Provider and User participants are well known in the 
literature. Several of the barriers noted by the participants in this research support the 
work of Lemos et al. (2012), who provide a summary of the barriers affecting usability 
of climate information, and present strategies that could assist in overcoming the 
barriers and improving usability. However they also point out that, owing to the 
different sizes of the communities, increased levels of demand from User communities 
could lead to Provider communities being unable to match the number of demands from 
the User communities (Lemos et al., 2012). This is also supported by the finding of this 
research that one of the barriers is the worldview of some of the research communities, 
as is the finding of Griggs and Kestin (2011) that it is not necessary, nor useful, for all 
climate change scientists to be actively engaged in working with Users, because the role 
of climate change scientists is primarily to conduct science.  
The barrier created by the time and effort required to establish long-term 
relationships with Users and to understand their needs is well documented (e.g. Kujala, 
2003, 2008; Lemos and Morehouse, 2005; Marzano et al., 2006) as is the fact that there 
remains proportionately little research funding specifically targeted at engaging Users 
(NCCARF, 2012); and the lack of capacity to perform such tasks within producers’ 
organisations (NCCARF, 2012). 
The funding barrier, like many of the other barriers, is complex and not easy to 
overcome; it encompasses the division of funding between, and relative roles of, basic 
and applied research in this area. The producers of future climate information 
considered here decide what to provide based on funding specifics from grants; political 
impetus; what they can present as having “improved” outcomes; “best practice”; and in 
some cases User needs (e.g. Dilling and Lemos, 2011). There is increasing scepticism 
among the public as to the value of scientific research programs, resulting in scientists 
being increasingly under pressure to prove that their research is both policy relevant and 
provides value for money (Demeritt, 2000). This research presents examples of specific 
circumstances that support this idea that whether or not Providers engage with their 
Users is strongly influenced by how the research is funded and hence which 
organisations or people determine the research agenda. Indeed, Sarewitz and Pielke Jr. 
(2007) agree that funding is usually allocated based on “policy assumptions and 
political dynamics” rather than on the basis of how alternative research portfolios could 
better serve the public good (Sarewitz and Pielke Jr., 2007). As a result, supply of 
scientific information is often not meeting demand based on societal needs (Sarewitz 
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and Pielke Jr., 2007; Bozeman and Sarewitz, 2011; Meyer, 2011). This is a sentiment 
also held by McNie (2007). 
The prioritisation of research agendas and associated funding is primarily 
influenced by government departments and co-operative research centres, from which 
climate science organisations seek grants or other types of funding (e.g. Dilling, 2007). 
Research that gets funded has to meet the criteria that the particular department or 
research centre is attempting to address, and while input from Users may play a role, it 
tends not to fulfil the particular “niche” that is required to meet performance measures 
(Dilling, 2007). It is easier to measure the results of improving the technical quality of 
climate models than it is to find an appropriate metric for usefulness for a particular 
User need, hence, research agendas have a tendency towards technical performance 
metrics, rather than qualitative measures of successful co-production of information. An 
example in Australia is the difficulty in quantifying the impact of research to be 
assessed for the Excellence in Research Australia process (CRCA, 2008). This is 
changing with large organisations such as CSIRO focusing more on co-production of 
information (Gregory et al., 2013).  
The funding situation described above results in a context that is highly 
unhelpful to implementing the operational aspects of engagement and co-production. 
The barriers to engagement and co-production found in this research support ideas in 
the literature that Providers and Users of information are now more than ever seeking to 
engage with each other with greater knowledge and understanding of the potential and 
also uncertainties associated with climate projections (Lemos and Rood, 2010); and that 
shows promise for a future based more around co-production of information to achieve 
usefulness. 
7.4.3 How to bridge the gap – contextualising information and 
working with Users 
Provider and (viticulture) User perspectives about how to bridge the gap 
between supply and demand of useful information for climate change adaptation 
decision-making align to some extent. In the follow-up survey with viticulturists, Users 
focused on the concepts of honest and open dialogue occurring between Providers and 
Users from the design stage of projects; information being provided in context of other 
important decision-making factors, such as financial impact; and future climate 
information being provided in the form of general (likely) scenarios specific to their 
region that they would be able to integrate into robust risk management strategies. 
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Providers concurred with the ideas of engaging in open and honest dialogue from the 
design phase of projects, but only to some extent; and working within Users’ existing 
decision spheres (i.e. contextualising information; Figure 7.10). They also added the 
need to have adequate flexibility in organisations and institutions.  
A distinct lack of institutional incentives, as well as other factors discussed 
above, have resulted in slower than desirable progress in terms of Providers engaging 
with Users of the information they produce (Dilling and Lemos, 2011). One barrier the 
participants suggested to Providers engaging with Users to co-produce information is 
the ingrained belief on the part of some climate scientists that simply providing the best 
available information will inherently be useful for Users – despite the fact that this 
belief has been shown to be inaccurate (Sarewitz, 2000; Griggs and Kestin, 2011; 
Dessai et al., 2009). These participants did not express this sentiment personally, but 
several of them stated that they felt that this was still a big issue within the climate 
science community. Overcoming this barrier involves presenting information in context 
of other decision-making factors (Cash and Moser, 2005; Meinke and Stone, 2005; 
Guido et al., 2013; Mase and Prokopy, 2014). The assertion by all but one of the 
Provider interviewees that Users should dictate what is useful information supports the 
rhetoric in the literature that usefulness is context-specific and must be determined by 
the User (Dow and Carbone, 2007; Lemos and Rood, 2010). Indeed, this need to 
understand, and work within, Users’ existing decision-making processes and to put 
climate into perspective within the broader complex system and within the applicable 
context is well established in the literature (e.g. Sarewitz, 1996; Stokes, 1997; Dilling, 
2007; McNie, 2007; Ruth, 2011; Guido et al., 2013; Mase and Prokopy, 2014). 
The finding that Users and Providers have broadly congruent opinions that 
contextualising climate information is important supports the finding of Letson et al. 
(2001) that information loses meaning if it is not properly contextualised, and that of 
Lackstrom et al. (2013) that it is necessary to provide networks and processes that 
satisfy the diverse set of concerns and contexts that vary by region and sector. This idea 
of properly contextualising the information supports the idea of a decision-centred, 
rather than climate-centred framework, which recognises that factors other than climate, 
for example economic priorities, environmental issues, political and social factors, 
demographics and regulation all influence the decision to be made and therefore will 
influence the future success – or otherwise – of adaptation actions (Meinke and Stone, 
2005; Dessai et al., 2009; Fussel 2010; Howden et al., 2012; Lereboullet et al., 2013). 
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Therefore, although challenges remain, it is necessary to provide climate information in 
context and at usable spatial and temporal scales (Archie et al., 2014). 
These findings also support the strategies presented by Lemos et al. (2012) that 
could assist in overcoming the barriers and improving usability. The strategies include 
the use of boundary organisations, value-adding and retailing, wholesaling and 
customization, the latter referring to contextualising the climate information products 
for groups of Users with similar needs in a way that fits within their existing decision 
making sphere. Stabell (1987), Jakku and Thorburn, (2010) and McIntosh et al. (2011) 
all argue that successful implementation of Decision Support System tools needs to be 
participatory and involve iterative work between User, system and builder from the 
beginning of the process of system design. “Knowledge brokering” (Meyer, 2010; 
Turnhout et al., 2013; Schlierf and Meyer, 2013) may be one way of addressing this 
issue, by bridging the gap between Users and Providers, but how to best achieve this 
remains to be proven (Turnhout et al., 2013).  
The suggestion that ensuring adequate flexibility in organisations and 
institutions may help to overcome the barriers supports the finding of Dilling and 
Lemos (2011) that flexibility in terms of the ways in which projects are designed and 
implemented as well as the metrics used to evaluate the success of the projects can 
affect whether or not an iterative process can occur and hence usable science can be 
produced. Providing greater amounts of funding that are linked to broader outcomes, 
including User- and societal-benefit, would assist this process (Meyer, 2011). 
The finding that honest and open dialogue from the beginning of projects would 
assist in reconciling the gap between supply and demand of future climate information 
supports both the literature relating to trust (see above paragraph) and the assertion of 
Lemos et al. (2012) that interaction between producers and Users of information is 
critical in creating usable information. It also supports the findings from two case 
studies performed by Tàbara et al. (2010) of adaptation in Inner Mongolia and the 
Guadiana river basin in the European Union. These case studies illustrated that an 
iterative process in tool development is essential for building adaptive capacity and that 
context-based integrative science-policy interfaces are needed (Tàbara et al., 2010). 
This would also support the assertion made by Goddard et al. (2010) that further 
improvements are needed in the area of understanding and communicating the 
possibilities and limitations associated with the information.  
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The need to have open dialogue from the design stage of projects also supports 
the example of the need for the Climate Assessment for the Southwest (CLIMAS) 
project to provide a different type of decision-support tool after further interactions with 
potential Users indicated that these Users required information that was not initially 
made available to them (Lemos and Rood, 2010). This was a result of the scientists’ 
assumption of User needs (Lemos and Rood, 2010) being different from that of the 
Users’ perceptions. This is also supported by the work of Tàbara et al. (2010), who 
found that iterative communication rather than simply providing more information was 
a key requirement to building capacity to adapt. 
Further strategies for reconciling the barriers are discussed in Chapter 8, section 8.6. 
 
7.5 Chapter summary 
 
This chapter has presented results and analysis to explore the extent to which co-
production of future climate information is happening on-ground for these Providers 
and Users. It has also presented the barriers to co-production, as determined by both 
Providers and Users, as well as potential ways to overcome those barriers. The barriers 
are well understood by both Users and Providers and some of the barriers are shared by 
both sides. Most of the barriers are related to institutional and organisational norms that 
are complex and not easy to overcome. 
The key results from this chapter are that: 
 Providers have had varied experiences of engaging with Users, approximately 
half of the Providers indicated that they co-produce information “somewhat” or 
“very much”; but indicated that they consider co-production to be slightly more 
prevalent in their discipline than in their own work; 
 Providers have more positive perspectives than these Users as to the success of 
co-production, but concede that it is happening to different extents in different 
communities and sectors, therefore this viticultural region might be one of the 
areas in which it has not occurred so effectively; 
 These Users in this viticultural region do not feel that co-production is at all 
prevalent, in fact, none of the Users said that they had been consulted about 
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projects at all; the fact that half of the Providers indicated that they do this 
suggests either that there may be an ongoing gap between the co-production 
rhetoric and the on-ground reality or that this is a sampling issue due the very 
small size of the follow-up survey; 
 Provider and User perspectives about the barriers to co-production and to 
providing information that Users want align to some extent. Providers and Users 
both concurred that the time and effort involved in building and maintaining the 
relationships; the different timeframes expected for receiving results; and the 
lack of finer resolution data for the particular area (but it is likely that this relates 
to the short-term only for Users) were all barriers; and 
 Provider and User perspectives about how to bridge the gap between supply and 
demand of useful information for climate change adaptation decision-making 
align to some extent. Providers and Users both concurred to some extent that it 
is necessary to engage in open and honest dialogue from the design phase of 
projects; and to work within Users’ existing decision spheres. 
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Chapter 8: Discussion of key messages 
 
This chapter presents a discussion of the key messages emerging from the 
comparison of the supply of, and demand for, future climate change information to 
address User needs in adapting to climate change. The results have been presented and 
analysed separately in Chapters 4, 5, 6 and 7. 
 
8.1 Summary comparison of Provider and User 
perspectives 
 
This section presents a brief overview of the comparison between the User and 
Provider perspectives on issues relating to the key research questions (Table 8.1; see 
Chapter 1: section 1.2).  
 
As Table 8.1 illustrates, some of the User and Provider perspectives align (e.g. the 
usefulness of finer resolution information), while others do not (e.g. co-production and 
engagement). Table 8.1 is a reference point which allows for quick comparison between 
Provider and User perspectives, while also listing the key research questions to which 
each issue relates (see Chapter 1: section 1.2) and the relevant section(s) of this thesis in 
which greater detail of the comparisons is presented. 
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Table 8.1. Comparison of User and Provider perspectives on key aspects of the research, 
showing the Key Research Question to which each section relates and the 
section(s) in which the discussion is presented. 
Issue Users in viticulture say Providers of climate info 
say 
Do 
User/Provider 
perspectives 
align? 
Refer to 
question 
and 
section 
Types of 
information 
provided 
For long-term, want information in 
form of homoclimes 
Cautious but some provide 
this 
Somewhat Q1 & 
Q7; 
sections 
8.2 and 
8.3. 
Spatial 
scale of 
information 
35% say currently not right scale for 
them; want information over size of 
growing regions 
Can provide regional (most 
specify growing regions) 
Yes Q3, Q5 
& Q6; 
section 
8.2. 
Temporal 
scale of 
information 
Growing season to 1 year; max 5-20 
years for long-term decisions 
Users want current season 
or near-term; max. 10 years 
in health, 20 in viticulture 
& 50 in water; gap exists in 
what can be provided for 
short-term info 
Somewhat; 
Providers are 
in touch with 
what Users 
want, but not 
able to provide 
it all 
Q3, Q5 
& Q6; 
section 
8.2. 
Finer 
resolution 
information 
Useful only to a point over the long-
term; want more over the short-term 
Useful only to a point over 
the long-term 
Yes Q2; 
sections 
8.2 and 
8.4. 
Co-
production 
and 
engaging 
with Users 
Not happening at all or not very 
much 
Improving but different 
amounts in different 
sectors 
No Q4; 
section 
8.5. 
Barriers to 
co-
production 
and 
engaging 
with Users 
Questions as to whether information 
is or is not useful to business; time 
and effort; different timeframes for 
results; finding the information; 
whether enough detail 
Time and effort; incentives; 
funding; different 
timeframes for results; 
worldviews 
Somewhat Q8; 
section 
8.6. 
How to 
bridge the 
gap 
(Honest and open) dialogue from 
outset; info provided in context of 
other factors (e.g. financial) and in 
the form of general scenarios for 
their region 
Dialogue from outset; 
existing decision spheres; 
flexibility in organisations 
& institutions 
Somewhat Q8; 
section 
8.6. 
 
8.2 Less detail is acceptable for long-term decision 
making 
 
For long-term decision making, the participant Users in viticulture in Australia do 
not need further downscaled future climate information, however for shorter-term 
decision making they do require downscaled climate information additional to that 
which is currently being supplied.  
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This finding is contrary to the continuing perception in much of the climate 
modelling community that further downscaling is required for information to be useful 
for Users’ long-term decision making and highlights the interesting intersection 
between spatial- and temporal-scale needs. Specifically, for long-term decision making 
Users prefer information to be presented over spatial scales the size of growing regions 
– a requirement that can easily be met using existing spatial scales of, for example, 
regional climate models (RCMs) through aggregation of results.  
However, although information over these scales can be provided, Users say it 
still is not provided to them in some circumstances. To explore this response, the level 
of usefulness of specific spatial scales for long-term decision-making is provided in the 
mean of responses from the follow-up survey in viticulture, shown in Figure 8.1.  
 
Figure 8.1. The follow-up viticulture survey participant responses to the question “How useful 
would future climate information be if it were presented to you at each of these 
scales?” Note that “level 4” corresponds to “very useful”, while “level 0” corresponds 
to “not at all useful”. The thick black line represents the mean value of responses. (n = 
8) 
 
This mean indicates a sharp decrease in level of usefulness between spatial 
scales of 50 x 50 km and 300 x 300 km (Figure 8.1). While the noise in the small 
sample size shows a lot of variation in User opinions, the mean response supports the 
findings of the viticulture survey; that usefulness is similar across the finer spatial 
scales, but decreases substantially beyond the 50 x 50 km “regional” scale.  
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Finer spatial and temporal scales are more required for short-term decision 
making than for long-term decision making (Figure 8.2). The fine spatial scales required 
by Users are not currently able to be provided with sufficient levels of skill. The climate 
modelling community are generally aware that improvements are needed in this area, 
and some resources have been devoted to this research (e.g. Murphy et al., 2009; Meehl 
et al., 2009). 
 
Figure 8.2. The follow-up viticulture survey participant responses to the question “Which spatial 
scale would it be MOST USEFUL for future climate scenarios to be presented over at 
each of these time periods in the future?” Note that the thick black line represents the 
mean value of responses. (n = 8) 
 
There are greater discrepancies between User requirements and the information 
currently provided for different temporal scales than for spatial scales. An exploration 
of the level of usefulness of specific temporal scales for long-term decision-making is 
provided in the mean of responses from the follow-up survey in viticulture, shown in 
Figure 8.3. This shows a relatively smooth decline in level of usefulness of future 
climate information as the temporal scale increases, with a slightly sharper decrease 
after the point twenty years from now. 
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Figure 8.3. The follow-up viticulture survey participant responses to the question “How useful 
would you find possible scenarios of the future climate that are about the climate this 
many years from now?” Note that “level 4” corresponds to “very useful”, while “level 
0” corresponds to “not at all useful”. The thick black line represents the mean value of 
responses. (n = 8) 
 
The results show that, for longer-term decision making, Users in viticulture in 
Australia are most interested in receiving information over the timeframe six to ten 
years from now; however this is a timeframe which is not well represented in the 
modelling, which addresses short-term predictions (up to ten days), seasonal forecasts 
(up to six months), then climate change projections (usually twenty years or more). The 
field of decadal-scale prediction is attempting to address this need, but there is still a 
long way to go before useful skill is likely to be achieved (Meehl et al., 2009; Meehl et 
al., 2013). Further work is needed in this area to reconcile the gap between temporal 
scales provided by the scientific community and those that are useful to these Users for 
long-term decision making. Climate projections for thirty or more years into the future 
have, to date, been the primary focus of the climate modelling community in providing 
information for long-term decision making; but “long-term” decisions for these Users in 
viticulture do not stretch to such long horizons. This suggests a continuing mismatch 
where supplying projections about the future (for example, 2050 and 2070) is promoted 
by climate Providers as being applicable to adaptation decision making for Users in 
general; but, for this sector at least, there appears to be little demand for this timescale 
of information from Users. This finding supports the notion that the majority of the 
climate modelling community continue to provide information based on a climate-
centred framework; and this is not congruent with the decision-centred framework that 
these Users in viticulture have espoused.  
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This research shows that longer-term future climate information is almost 
equally useful at spatial scales ranging from local information to averages across a 
growing region (Figure 8.4).  
 
(a) 
 
(b) 
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(c) 
 
Figure 8.4. The usefulness for Users in viticulture of receiving future climate information averaged 
over areas of: (a) a growing region; (b) several growing regions; and (c) a state; in 
relation to wine grape growing regions in Victoria, Australia. The percentage of 
participants who consider that particular spatial scale of future climate information to 
be very useful or somewhat useful does not increase significantly for more local scales, 
however, as shown, the percentage does decrease significantly for future climate 
information provided over broader areas. (n = 158) 
 
Downscaling of longer-term future climate information is therefore not needed 
for this User group. The fine-scale climate grids (approx. 1km x 1km) now producible 
using downscaling techniques (Daly, 2006; Rummukainen 2010; White et al., 2013) 
may be useful if they are applied to decadal prediction, but are apparently not necessary 
for these Users in providing climate change information for long-term adaptation 
decision making. This finding counters the push by the climate modelling community 
for further improvements in the modelling resolution (particularly in relation to 
increasing computing power) on which to base adaptation decisions (Dessai et al., 
2009). However, climate change adaptation literature, for the most part, continues to 
focus heavily on downscaling of climate models.  
 
Providing future climate information at regional scales (as distinct from finer 
scales) would save Users time and money and allow climate information Providers to 
focus resources on efforts towards closing the gap in timeframes of information that are 
required by Users compared to those which are currently provided. 
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8.3 Homoclimes – intuitively desirable 
 
When making long-term decisions, viticultural Users in Australia state that they 
prefer information to be provided in the form of homoclimes (although they also 
consider other types of information, such as changes to extremes, to be useful) and for 
that information to be presented at spatial scales the size of growing regions (see Table 
8.1). This information about likely future changes is already available for some wine 
grape growing regions (e.g. Webb et al., 2013); and at the spatial scales stated to be 
useful, however it is not provided over the temporal scales specified as most useful for 
long-term decision making for these Users in viticulture. This is owing to the 
difficulties in predicting information over these timeframes. The research literature has 
shown a significantly increased provision of information in the form of homoclimes 
over the past decade. However, those who provide this information generally advise 
caution in interpreting the information because of the relatively few variables and data-
points on which it is usually based (e.g. Webb et al., 2013), in-line with the sentiment 
expressed by the Provider participants of this research (for further detail, see Chapter 6: 
section 6.1.1.3). A study by Jylhä et al. (2010) found that eighty-six per cent of 
participants correctly interpreted information presented as visualisations of shifting 
climatic zones. 
Many of the Users in viticulture indicated that they would like to receive 
information provided in the form of homoclimes, but they were unfamiliar with the 
terms homoclime or climate analogue. Although it is possible to retrieve or be provided 
with some homoclime information from websites and from research published in 
journal articles, it is first necessary for the Users to know that this type of information 
exists, that these are the names by which it is known in the Provider community, and 
where they should look to find it. If these pre-conditions are not met, Users may 
consider this type of information useful but never actually be provided with it to be able 
to use it to assist their decision making for adapting to climate change.  
Further, research has proven that Users in the primary industries are more likely 
to trust and act on information that is passed on to them through trusted intermediaries, 
such as extension officers working within boundary organisations (Malka, 2009; Moser, 
2010; Weber, 2010). This preference in form of communication is, for the most part, not 
a lack of ability to find the information themselves, but a way of ensuring the credibility 
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of the information. Unless the User knows a topic in depth, they tend to prefer receiving 
information about it from trusted intermediaries; hence messenger choice is a critically 
important factor in the communication process (Moser, 2010; Lindesay, J., pers. comm., 
13th March, 2014). This means that unless these Users receive homoclime information 
from trusted intermediaries, they are less likely to take it into account in their decision 
making for adapting to climate change. 
In addition, these Users remain focused on using incremental rather than 
transformative change to adapt to the impacts of climate change. This results in a 
greater focus on using information to inform tactical decision making such as managing 
the frequency and intensity of extreme events; rather than strategic decision making. 
Homoclimes are less complex than many other types of climate information 
because they present information about the climate of a region in context by comparing 
it to climates of other regions, rather than only detailing the changes to climatic 
variables in the region of interest but without context for the changes. This suggests that 
Users in the viticulture sector are willing to trade-off increased complexity for 
usefulness in the form of easily contextualised and easily comparable information.  
Homoclimes are intuitively desirable for long-term decision making because they 
fit in with the Users’ existing decision-centred framework for decision making. 
Information presented as homoclimes can be presented in a way that complements 
existing decision making processes and allows for easy comparison between regions. If 
information is presented as homoclimes, Users can analyse how viticulturists in similar 
climates to their region’s potential future climate have adapted; therefore most of the 
problem-solving (e.g. the risk-production-profit trade-offs) of having to determine how 
to cope in that new climate context, what works and does not work has already been 
conducted by other viticulturists and the Users can gain insights from that region to 
readily transfer into and tailor to their particular context.  
In contrast, if the information was only presented as scenarios of likely changes to 
variables, rather than comparisons, then there is a lot of work to be done by the decision 
maker to determine and analyse all of the aspects of any potential adaptation options. 
Therefore the preference to receive information for long-term decision making in the 
form of homoclimes may be seen as a subconscious cost-benefit analysis by the User, 
because so much of the work has already been completed by decision makers in other 
regions.  
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For some regions, there is no existing climate analogue (Veloz et al., 2012a); and 
that is also a useful insight. This knowledge gives Users the opportunity to decide early 
whether to exit the industry altogether; whether different types of horticulture or 
agriculture are likely to be more appropriate; or whether to invest in property in regions 
that are projected to be more suitable to growing the grape varieties that they wish to 
grow, and that are palatable and valuable in the market. 
 
8.4 Relationship between complexity and usefulness 
 
This research has explored the relationship between complexity and usefulness of 
future climate information for Users in viticulture using spatial and temporal scales as 
measures of complexity.  
For shorter-term decision making, this study found that viticulturists continue to 
focus on receiving very high resolution, localised climate information about specific 
variables (e.g. free Bureau of Meteorology weather forecasts). Decadal-scale 
downscaling of climate model data to provide this locally specific shorter-term climate 
information would be appropriate, although there remains a gap between the timeframes 
currently achievable between climate models and the timeframes over which Users want 
information (Pitcher, 2009; Figure 8.5a). For long-term decision making, information 
provided at regional scales adequately meets the needs of most of these Users (Figure 
8.5b). A conceptual comparison of under- and over-supply of future climate information 
at various spatial and temporal scales is shown in Figure 8.6. This figure shows an 
undersupply of future climate information at the very local spatial scale at a seasonal 
time scale; as well as an undersupply at a regional spatial scale over an inter-annual 
(towards decadal) time scale. It also shows an oversupply of future climate information 
at the spatial scale provided by GCMs over a decadal and longer time scale.  
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(a) 
 
(b) 
 
Figure 8.5. A conceptualisation of the persisting gap between: (a) the timeframes of future climate 
information supplied and demanded; and (b) the spatial scales of future climate 
information supplied and demanded for long-term decision making by Users in 
viticulture. The size of the circles is a qualitative indication of the relative size of the 
over- or under-supply of information at that (a) timescale or (b) spatial scale. Part (a) 
indicates an undersupply of seasonal to annual and an oversupply of long-term (decadal 
and longer) climate change information. Part (b) indicates an undersupply of future 
climate information supplied over areas between roughly 20 x 20 km and 50 x 50 km and 
an oversupply of information provided over a coarser scale. 
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Figure 8.6 A conceptual graph showing the undersupply and oversupply of future climate 
information at various spatial and temporal scales, according to the empirical 
results of this research. 
 
Figure 8.7 shows conceptual relationships that may exist between:  
(a) the different resolutions of spatial scale that Users require for decision making 
over different timeframes;  
(b) the different resolutions of temporal scale that Users require for decision 
making over different timeframes;  
(c) the usefulness of future climate information and level of detail (complexity) of 
the information for long-term decision making in viticulture in Australia; and  
(d) the usefulness of future climate information and level of detail (complexity) of 
the information for short-term decision making in viticulture in Australia.  
For spatial scales, usefulness remained fairly constant as the complexity decreased 
(i.e. as the spatial scales over which the information is provided became larger), until after 
the scale of 50 x 50 km, at which point there was a marked decrease in complexity by the 
300 x 300 km scale. This indicates that for long-term decision making a relationship exists 
between complexity of future climate information in terms of its spatial scale and 
usefulness of that information, but only after the threshold of approximately 50 x 50 km 
(Figure 8.7a). 
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Owing to the small sample size in the follow-up survey, it is not possible to determine 
whether or not a relationship exists between the complexity measured by temporal scale 
and usefulness of future climate information for these Users in viticulture. However, 
speculation based on the exploratory data suggests that less complex, less detailed 
information, is equally (but not necessarily more) useful as more complex information for 
long-term decision making; while greater complexity (finer resolution) appears to be more 
useful for the short-term (Figure 8.7b). The conceptualised long-term and short-term 
relationships are shown in Figure 8.7c and 8.7d. 
These concepts are drawn from analysis of the mean response curves from the 
responses given by participants on the graphs from the follow-up survey (Figures 8.1, 8.2 
and 8.3). While the noise in the small sample size shows a lot of variation in User 
opinions, the mean response generally supports the conceptual ideas presented in Figure 
8.7 about the relationship between complexity and usefulness of future climate 
information. If the relationships postulated in the conceptual graphs are confirmed in 
further research and are transferrable across sectors, there are broader implications for a 
change in research emphasis and funding for user-needs research. 
Spatial and temporal scales were the only measures of complexity used in this 
research. However, there are of course many other measures of complexity, including the 
cost of developing and running models of different types and to different levels and the 
“person hours” needed to develop and run the model. Including these and other measures 
of complexity would give a more holistic view of the trade-off in complexity versus 
usefulness for these Users, as would conducting further sampling with more Users both 
from viticulture and other sectors. 
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(c) 
 
(d) 
 
 
Figure 8.7. Conceptual relationships between: (a) the different resolutions of spatial scale that Users 
require for decision making over different timeframes; (b) the different resolutions of 
temporal scale that Users require for decision making over different timeframes; (c) the 
usefulness of future climate information and level of detail (complexity) of the 
information for long-term decision making in viticulture in Australia; and (d) the 
usefulness of future climate information and level of detail (complexity) of the 
information for short-term decision making in viticulture in Australia. 
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8.5 Co-production of climate data  
 
The results suggest that the rhetoric and on-ground reality of co-production 
remain divergent (see Table 8.1), as half of the Providers indicated that they 
“somewhat” or “very much” co-produce information but none of the Users indicated 
that they had even been consulted with by Providers, let alone engaged to co-produce 
information. Further research should seek to explore whether this result is reflective of 
the very small sample size of Users in the follow-up survey or whether in fact it is the 
result of a continuing tension between Users and Providers with Providers believing 
they are engaging in co-production that is in fact not effective or sufficient. 
The somewhat incongruent opinions between Providers and Users as to the 
prevalence of co-production raises the question of the extent to which Users know about 
what can be produced and the extent to which Providers know about how Users want to 
use the information. It also raises the question of how much contextual information 
provision is actually occurring? Providers may recognise that it is important, but are 
they actually doing it? Is it possible that some of them are answering with rhetoric 
rather than practice? In overcoming the barriers to providing useful climate change 
information, not all climate change scientists need to work with Users (Griggs and 
Kestin, 2011) but co-production needs to be prevalent in projects which are intended to 
inform Users’ decision making, so that the information is properly contextualised and 
therefore useful to these Users. The climate information required is decision-sensitive 
and context-dependent, therefore greater efforts need to be put into co-producing 
information so it fits into the decision-centred framework of decision making currently 
employed by Users in viticulture and other primary industry sectors. 
Co-production inherently means creating dialogues between producers and Users 
of information from very early in the process, and creating an iterative environment 
where Users’ specific needs are discovered rather than assumed (Dilling, 2007; Dilling 
and Lemos, 2011; Puma 2012). Further, high levels of co-production and iteration 
between Providers and Users of climate information have been typically shown to result 
in a better rate of use of the climate information (Rice, Woodhouse and Lukas, 2009; 
Dilling and Lemos, 2011; Lemos et al., 2012). This could be linked to the fact that these 
iterative processes are more conducive to developing and maintaining the three factors 
that are considered to be the foundations of information actually being used – salience, 
credibility and legitimacy (Cash and Buizer, 2005). Therefore it is likely that improving 
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levels of co-production would improve the outcomes of projects that seek to inform 
Users’ decision making by addressing their information needs. But as Lemos et al. 
(2012) point out (see Chapter 7: section 7.4.1), this may not be possible in some 
situations as the capacity of research communities to respond may be outstripped by the 
demand. In this case, it is possible that there are other levels of interaction than co-
production (e.g. information sharing, iterative consultation rather than strict co-
production) that may produce acceptable outcomes but without all the resource 
commitments that co-production entails. This is an area that warrants further applied 
research.  
 
8.6 Barriers and solutions 
 
Although the barriers are well-known in the literature, they should not be 
downplayed as they remain tangible and challenging factors preventing better 
engagement between Providers and Users and thus the provision and use of future 
climate information. As Table 8.1 indicated, User and Provider perspectives of the 
barriers align to some extent. 
It is possible that the smaller number of Providers compared to User communities 
means that all of the Providers could well be engaged in co-production with a small 
number of Users and still the large majority of Users would not have experienced co-
production. It is also possible that the mismatch in perception between Providers and 
Users of how much co-production is actually occurring is only a sampling issue, 
because of the very small sample size of viticulturists for the follow-up survey; but if 
further research proves it to be an actual mismatch, the question remains of how to 
address this issue. From the Providers’ perspective, intended research goals and output 
are largely driven by the goals and expectations of the university or other institution at 
which the researcher is based, expectations which are strongly influenced by the 
requirements, interests and motivations of the research funding body (Beresford, 2002). 
The promotion and rewards structure of universities and other research institutions is 
unlikely to change significantly unless forced to do so to adhere to new, more stringent 
requirements for applying for and receiving funding, implemented by the funding 
bodies (Knapp and Trainor, 2013). Researchers will, therefore, tend to focus on 
conducting the types of research for which they will be rewarded, and which will stand 
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them in good stead within their institution (Mcdowell, 2003). As such, it is unlikely that 
the majority of researchers will amend the intended goals of their research or the 
process through which they conduct the research to include a greater emphasis on co-
producing information with intended or potential Users of that information unless they 
are either required to do so to receive funding, or they are convinced that it will in fact 
improve the research process and outcomes.  
It is much easier to measure citations than it is to measure real-world impact 
(Seglen, 1997; Smith, 2001). Therefore, for co-production of information with Users of 
that intended information to become the norm, it would be necessary for funding bodies 
(for example government agencies and departments), which hold the power to mandate 
such changes, to require those changes (Knapp and Trainor, 2013). They could do so 
by, for example, altering the requirements to apply for funding for projects involving 
Users to include demonstrable measures of on-going User involvement from the design 
phase of projects, and of on-ground impacts for User communities. There has been 
some support in the Australian research community to provide proof of impact of 
research (e.g. CRCA, 2008), but this process appears to have stagnated somewhat at the 
implementation stage. Although this type of regulation exists for some projects in 
practice in the wider community, it is not commonplace.  
Creating change also requires concerted effort from both Providers and Users to 
engage in communication, with more two-way interaction and knowledge sharing. 
Achieving this communication may involve the use of trusted intermediaries in 
boundary organisations who can act as knowledge brokers (Guston, 2001; Buizer et al., 
2010) and expose more Users to the existence of different types of information 
(including, for example, homoclimes) as well as the fact that co-production of 
information is a possibility. This would encourage Users to put pressure on Providers in 
the scientific community to provide them with information in properly contextualised 
forms, such as homoclimes, and to co-produce information with these Users. This has 
begun to happen to some extent with, for example, the increasing public scrutiny of 
impact resulting in more drivers for change emerging on the academic side such as the 
Excellence in Research Australia process (CRCA, 2008) that emphasises impact but 
encounters difficulties with how to measure and provide evidence of that impact. This 
has resulted in a continued focus on bibliometric impact evaluation. In short, there is 
still a long way to go with this process, if Users know what is possible they can demand 
change. 
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This may help to create a system where rewards (including career advancement 
and funding opportunities) are increasingly driven by external change in the demand 
function. However it is also possible that if more Users are exposed to the fact that this 
information exists then the increased demand on the scientific community may 
overwhelm the system because the demands may be too high for the relatively small 
number of research communities working in this field (Lemos et al., 2012). This could 
lead to more knowledge brokers and/or data preparation people fulfilling the demand; 
which is more appropriate and efficient than researchers filling this role. 
Better understanding by Providers and Users of the challenges faced by the other 
may help to some degree to overcome the barriers; for example, Users understanding 
that Providers are driven by priorities like research publications, getting grants, and to 
some extent demonstrating impact of their research; Providers understanding that there 
are more important and near-term factors than climate change influencing the 
management and success of a viticulture User’s business. However, achieving this 
understanding is easier said than done, in part because co-producing information creates 
considerable extra workload not only for Providers, but also for Users who are already 
time-poor and in many cases experiencing consultation fatigue (Wiseman et al., 2010).  
Although Providers and Users are primarily willing to engage, both parties are 
time-poor, resulting in a limited amount of time available to achieve better levels of 
mutual understanding through greater levels of interaction. A possible solution to this 
issue could be greater user of existing opportunities during which Providers and Users 
are already in the same space at the same time (but not necessarily using that time to 
interact about these issues) to discuss their experiences. These might include, for 
example, field days, industry workshops and conferences. At a pre-organised industry 
workshop for other topics, organisers could also invite a panel of Providers and Users of 
climate information to discuss respectively what motivates them to conduct their 
research and what they require from the climate information as well as the other factors 
that play a role in their decision-sphere; the purpose being to make use of that time to 
foster better interactions between Providers and Users through better understanding of 
each other’s goals and perspectives.  
A further way to improve mutual understanding could be through greater use of 
existing industry-relevant publications that are trusted and read on a regular basis by 
Users. For example, publications such as the Australian and New Zealand Grapegrower 
and Winemaker magazine (Mole and Timotheou, 2014; 
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http://www.winebiz.com.au/gwm/) could feature a series in which each issue would 
profile a number of both Providers and Users in various roles and at different levels 
within the viticulture industry, including climate modellers, growers, and extension 
personnel. Providers could write about what motivates them to produce and provide 
climate information, what their intended goals are and about their research process; 
Users could write about why they are involved in the industry, the decision processes 
they use, the types of information that they find useful, and in what ways they could 
work new information into their existing decision-sphere. The key to successful 
interaction for these time-poor Providers and Users is likely to be in using, to a fuller 
extent, the avenues of communication that already exist to reduce the financial burden 
and the stress of finding extra time.  
In more general terms for improving understanding of climate science, putting a 
face to the scientific process, and making available more information on the how the 
scientific process works, targeted at a general lay-public audience, may assist in 
improving the public’s understanding of the research process to which scientists adhere. 
This could include, for example, using existing websites (such as the Bureau of 
Meteorology, www.bom.gov.au or in New South Wales the Local Land Services 
(previously Catchment Management Authorities) www.lls.nsw.gov.au websites, which 
are both highly trusted by Users; or Climate Scientists Australia, 2014; 
www.climatescientistsaustralia.org.au) as a medium to run a series of profiles of climate 
scientists which could address their motivation for their research and more substantial 
information about their research process, in lay terms.  
Using existing, trusted intermediaries, or ‘knowledge brokers’, within boundary 
organisations may assist in implementing these strategies to help overcome the barriers 
preventing better mutual understanding and interaction between Providers and Users; 
and increasing information uptake (Kirchhoff et al., 2013b). Boundary organisations 
provide an interface between science and the community, including direct Users and 
those who make policy (Buizer et al., 2010). McNie (2013) showed the improved 
decision support provided to a variety of sectors in the United States through the useful 
climate information produced by three Regional Integrated Sciences and Assessments 
(RISA) programs. Recent research by Lemos et al. (2014) has delved into how one 
particular boundary organisation (the Great Lakes Integrated Sciences and Assessments 
Center (GLISA)) has adapted to this issue. GLISA created “boundary chains” (which 
are a way of connecting different boundary organisations to facilitate better cooperation 
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between them; Lemos et al., 2014). The key characteristics of the organisational 
structure that make it useful are (Lemos et al., 2014): 
 A more diverse range of potential Users; 
 Ensuring minimal transaction costs by sharing; 
 Increased usability of scientific information; and 
 Ability to provide information that is highly tailored to User needs. 
Lemos et al. (2014) suggest that the adaptive strategies implemented by the boundary 
organisation GLISA provide an example of how to bridge the gap between supply and 
demand of climate information. Because of the high level of customisation of a product 
or service they can deliver to a User by moving through several links in the information 
provision (or “boundary”) chain, these “boundary chains” hold the potential to meet 
User needs while sharing and therefore minimising the costs amongst multiple 
organisations (Lemos et al., 2014). 
Local Land Services (LLSs; known prior to 2014 as Catchment Management 
Authorities) are an example of a boundary organisation in Australia that works at a local 
level to integrate new and existing information and see it through to implementation on-
ground within local communities. However, their ability to act in this role depends on 
their financial resources, the amount of time they have to devote to the task, as well as 
how engaged and progressive the individual people within the organisations are with 
respect to integrating new knowledge and practices. LLSs in the state of New South 
Wales, and similar organisations in other states and other countries, hold the potential to 
play a key role in this process, as they are trusted intermediaries with strong links to 
both the Providers and Users and they work within the framework of decision-centred 
decision making to which Users adhere.  
The process of using boundary organisations to a fuller extent to bridge the gap 
between provision and use of future climate information would be greatly aided by 
secure government funding for programs to allow more forward-thinking and planning 
rather than focusing on maintaining funding. More focus on government-industry 
partnerships would help to ensure greater levels of ownership and less likelihood that 
projects would never reach completion (and hence the lessons never be learnt) because 
of withdrawal of funding. An example of this type of process is the Land Grant 
university system in the United States that ensures on-going Federal support for 
extension services. This creates a relationship between the agricultural industry sector 
and universities (including extension organisations, e.g. boundary organisations) and the 
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government that ties university research agendas (and also government funding) to the 
on-ground needs of Users. Although Land Grant Extension systems tend to be slower in 
their progress in terms of ground-breaking research (Howden, M., pers. comm., 13th 
March, 2014), the relationship it nurtures is beneficial and helps to create a much 
stronger chain of communication between Users and Providers (Colasanti et al., 2009). 
Boundary organisations could be used as the instrument through which 
governments could channel secure and on-going funding. For example boundary 
organisations could then organise: who controls the funding; who receives the funding; 
what the funding can be used for; and how to deliver the funding. Although secure 
funding would greatly aid the process, equally important is the continuing commitment 
to ensure engagement between Providers and Users. 
Boundary organisations could apply their existing knowledge of the sectors to 
assist in determining sectors that have similar needs in terms of tailoring climate 
information. This could help Providers to potentially be able to co-produce the 
information with User groups with similar needs collectively rather than individually, 
reducing some of the workload for Provider communities but still providing properly 
contextualised information within the resources available and achieving acceptable 
outcomes for Users. 
 
8.7 Implications of the findings for existing theory on 
information usability 
 
This research has shown that the climate information being provided is not meeting 
the most pressing needs of these viticultural Users’ decision-making. In particular, the 
spatial and temporal scales over which the future climate information is currently 
provided are, for the most part, inconsistent with the majority of decision-making, 
which occurs at much shorter timescales and broader spatial scales. In addition, the 
climate information that is being provided for the long-term is not adequately 
contextualised either in terms of: 
 being provided in the context of specific decision-making, with the recognition 
that climate is one small part of the decision-sphere. E.g. Climate is not worked 
into financial or market models, it is considered outside of them. 
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 being provided in the forms that are usable within the above decision-making 
framework. Homoclimes, for example, provide contextualised information that 
allows users to interpret other aspects of the decision, for example, based on 
what types of grape work well in other locations, whether those grape varieties 
are currently in fashion, what pruning techniques are used, and so on.  
 
A decision-centred approach would mean addressing the above issues for this case 
study. According to Howden et al. (2012), a ‘decision-centred’ approach:  
 Considers climate as only ONE factor in the analysis, and not the central one  
 does not (implicitly or explicitly) place climate information above other 
knowledge  
 considers biophysical, socio-economic and policy components equally 
 focuses on delivering climate information at the desired spatial and temporal 
scales appropriate to the decision. 
 
The decision-centred approach is different from problem-driven models in that 
analysis begins by considering the whole decision-context, not just the problem to be 
addressed, then assessing how the problem will affect or be affected by each variable in 
the decision-context. It is also different from science-driven models in that it is not the 
available science that drives the decision-making process, but rather consideration of all 
aspects of the decision-context. 
 
A decision-centred theory of usability for the viticulture sector challenges existing 
theories of usability by showing that: 
 insufficient technical capacity is not necessarily a barrier to use – because these 
Users do not necessarily need more localised information for long-term 
decision-making; and 
 the types of information these Users require are already producible in the form 
of homoclimes. 
 
A decision-centred rather than climate-centred approach is likely to assist in 
providing the most useful future climate information to bridge the disconnect between 
supply of, and demand for, useful future climate information, potentially contributing to 
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more effective adaptation (Howden et al., 2007, 2013; Kriegler et al., 2012; Ebi et al., 
2014; Kirchhoff et al., 2013a). 
 
This empirical research substantiates the existing assumptions about barriers in the 
theoretical literature where it confirms that, for this sector (see Table 2.2): 
 information being timely is important for fit; 
 difficulty incorporating information because of how it is presented affects use; 
 communication is not predominantly two-way; and 
 organisational incentives help to overcome the barriers. 
 iterative, legitimate, two-way communication helps to overcome the barriers. 
 
In particular, the User and Provider perspectives shown here (on what co-
production means or what barriers there are to achieving it) inform the use of the 
strategies suggested by the usability gap model (espoused by Lemos and Kirchhoff – 
see, for example, Kirchhoff et al. 2013a) as potentially successful ways of overcoming 
existing barriers and closing the usability gap. In particular, both Users and Providers 
stated that increasing dialogue from the outset of projects was key – a factor that could 
be well addressed with increasing interaction with the help of boundary organisations. 
 
These findings suggest that issues of fit can be better addressed beyond 
downscaling information by adopting a decision-centred approach to information 
provision, rather than using climate information as the central point of focus. This 
would involve using what is available in terms of climate information to inform the 
decision-making as only one factor of the decision context, but neither relying solely on 
it, nor considering it the cornerstone of the decision. This would be further supported by 
developing choices that are more robust to existing uncertainties. 
 
The implications of the misalignment of spatial and temporal scales of future 
climate information (provided vs required) for overall information usability are that: 
 there is less use of information because it does not fit within required decision-
making timeframes – as shown by existing theories of information usability. 
 downscaling of spatial scales does not provide increased usability for the long-
term decision-making of this group – the further implication is that the climate 
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modelling community do not need to further downscale the future climate 
information for this user group. 
 
Further, the implication to overall information usability of the suggestion that the 
rhetoric and on-ground reality of co-production remain divergent is that because climate 
information is not produced iteratively with the Users in this sector, the climate 
information being provided to the viticulture sector is not decision-sensitive or 
contextualised for these users. As a result it does not fit into their decision-centred 
framework of decision making and is therefore not as useful as it may otherwise be. 
 
How these findings can inform current theory relating to (drivers and barriers to) 
usability beyond the viticulture sector is addressed in Table 8.2. This table compares the 
drivers and barriers shown to be relevant from this empirical work with Users in 
viticulture, who apply a decision-centred framework of decision making. 
 
Table 8.2. Information characteristics driving and impeding usability. 
Variables driving usability Variables impeding usability 
Easily interpreted information – e.g. 
visualisations (here, homoclimes) 
Not easily interpreted – e.g. statistics on 
change in temp. 
Easily adopted – integrated with other 
factors, e.g. financial models; pre-assessed risk 
management approaches; spatial and temporal 
scales consistent with majority of existing decision-
making 
Not easily adopted – e.g. because not 
integrated with other factors; scales not consistent 
with majority of decision-making 
Easily compared – by contextualising with, 
e.g. other regions active in the sector’s market 
Not easily compared – because not 
adequately contextualised 
Easily integrated – e.g. into existing decision 
frameworks (such as market or financial models) 
Not easily integrated – because climate 
information is considered separately, rather than 
integrated into decision frameworks (e.g. financial 
or market models) 
 
8.8 Chapter summary 
 
This chapter has discussed the results emerging from the comparison of the 
supply of, and demand for, future climate change information to address User needs in 
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adapting to climate change. It has presented key insights that have emerged from the 
results in the context of the literature, and has suggested possible reasons for the 
discrepancies between provision and use of future climate information discussed.  
 For long-term decision making, these Users in viticulture in Australia do not 
need further downscaled future climate information; this finding is contrary to 
the continuing perception in much of the climate modelling community that 
further downscaling is required for information to be useful for Users’ long-term 
decision making and highlights the interesting intersection between spatial- and 
temporal-scale needs; 
 There appears to be a relationship between spatial complexity of future climate 
information and usefulness for these Users in viticulture, with a marked decrease 
in usefulness as the spatial scale increases past a 50km grid; 
 Many of the Users in viticulture indicated that they would like to receive 
information provided in the form of homoclimes but were unfamiliar with the 
actual terms homoclime or climate analogue; if they are to use it, they first need 
to know that this type of information exists, that these are the names by which it 
is known in the Provider community, and where they should look to find it; this 
research hypothesises that homoclimes meet a range of User needs including 
effectively pre-assessing risk management approaches that can be more readily 
adopted; 
 The incongruent opinions between Providers and Users as to the prevalence of 
co-production suggest that the researcher rhetoric and on-ground reality of co-
production remain divergent; further research should seek to explore whether 
this result is reflective of the very small sample size of Users or whether in fact 
it is the result of a continuing situation where Providers believe they are 
engaging in co-production but it is not effective or sufficient; 
 Concerted effort is required by both Providers and Users to overcome the 
barriers by better understanding the challenges faced by the other; the key to 
successful interaction for these time-poor Providers and Users is likely to be in 
using to a fuller extent the avenues of communication that already exist to 
reduce the financial burden and the stress of finding extra time;  
 Involving trusted intermediaries in boundary organisations to expose Users to 
the existence of homoclimes and the potential for co-production of information 
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may help; but secure government funding is needed to enable Providers and 
Users to build and nurture the relationships necessary to overcome the barriers; 
 Local Land Services (previously known as Catchment Management Authorities) 
and similar organisations have the potential to play a key role in the process of 
bridging the gap between provision and use of future climate information, as 
they are trusted intermediaries with strong links to both the Providers and Users; 
and 
 Boundary organisations could be used as the instrument through which 
governments could channel secure and on-going funding; they could apply their 
existing knowledge of the sectors to assist in determining sectors that have 
similar needs in terms of tailoring climate information; and could use “boundary 
chains” (Lemos et al., 2014) to meet User needs while sharing and therefore 
minimising the costs amongst multiple organisations. 
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Chapter 9: Synthesis and Conclusions 
 
The principal aim in this thesis was to use viticulture as a case study sector to 
explore a possible ongoing disconnect between the supply of, and demand for, future 
climate information for decision making for agricultural adaptation to climate change. 
This issue has been explored using mixed methods research techniques, focused on 
eight key research questions (see Chapter 1: section 1.2). The primary data were 
obtained from interviews with, and questionnaire responses from, decision-making 
Users of climate information in viticulture in Australia, and Providers of future climate 
information in Australia, the USA and the United Kingdom. The findings relating to the 
key research questions are summarised in this chapter, which draws together the 
conclusions from throughout the thesis with reference to the wider implications of this 
case study, including recommendations for future research.  
 
9.1 Key research questions revisited  
 
Key research question 1: 
What kind/s of future climate information, and how much information, is 
needed to inform both the planning for, and processes of, decision making 
for adaptation in the wine grape sector?  
And key research question 5: 
At what spatial and temporal scales will future climate information be 
needed by Users; and are certain spatial and temporal scales more useful 
than others? 
 
For long-term decision making, more than three-quarters of participants 
indicated that information presented in the form of homoclimes would be most useful, 
and that they would also like to receive information about changes to climate extremes. 
Homoclimes are intuitively desirable for long-term decision making because they fit in 
with Users’ existing decision-centred framework for decision making. The majority of 
participants indicated that they would like to receive this information over spatial scales 
the size of growing regions (typically around 20km2 to 50km2). For long-term decision 
making Users indicated that the most useful timeframe over which to receive future 
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climate information was 6-10 years in the future, followed by 1-5 years. This contrasts 
with the tendency for climate information to be provided at multi-decadal timescales. 
Viticulture User participants from across Australia require different types of information 
depending on the application and whether the decision they are making is for the short- 
or long-term. Specifically: 
 
 Over the short-term, viticulturists continue to focus on wanting to receive very 
high resolution, localised climate information about specific variables; 
 Other types of future climate information indicated as useful by more than 
seventy per cent of Users were: changes to the frequency of extreme rainfall 
events; changes to maximum and minimum daily temperatures (extremes); 
changes to average daily rainfall; and changes to average daily temperature; and 
 The usefulness of future climate information for long-term decision making 
decreases sharply between information that is supplied at spatial scales of 
‘growing regions’ and that which is ‘averaged over several growing regions’. 
 
These findings address the 2nd hypothesis of the thesis, that for long-term 
decision making, less detailed future climate information which is robust to the presence 
of uncertainties may be acceptable for Users in viticulture in Australia; as well as the 4th 
hypothesis, that there is a lack of information available at appropriate timeframes and 
spatial scales for the decision-making needs of this user group. The implication of these 
results is that further downscaling of climate models is not necessary to meet the spatial 
resolution requirements of these Users for their long-term decision-making; but further 
developments in the field of decadal-scale downscaling would prove useful to meet 
temporal scale needs. This idea is likely to be transferable to other agricultural and non-
agricultural sectors that have long-term planning horizons; and has been recognised in 
the literature, but has not been employed in the majority of user-needs research to date.  
 
Key research question 3: 
What evidence is there that the Providers of climate information are aware 
of, and able to provide, the future climate information that Users need to 
inform their decision making? 
And key research question 6: 
Is information at the spatial and temporal scales that Users need currently 
being adequately produced and disseminated? 
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The majority of climate change information Providers who participated in this 
research have at least a general level of awareness of User needs; these Providers are 
able to provide most of the types and spatial scales of future climate information that the 
participating Users need. In addition, these Providers appear to be aware of the temporal 
scales of climate information that Users want and are able to provide most but not all of 
it. Specifically: 
 
 Providers generally indicated that while they are aware that their Users would 
like to receive future climate information in the form of homoclimes, they are 
uncomfortable with providing information in that form; 
 A large proportion of these Providers provide longer-term climate information 
over spatial scales the size of regions, as wanted by the Users in viticulture; 
 The majority of these Providers believe that Users need more localised 
information for all types of decision making, both short- and long-term; whereas 
this is not necessarily the case for Users in making long-term decisions; 
 There is currently a gap in the provision of relatively short-term information 
over time periods of three months to ten years from now; and 
 A number of Providers recognise that Users need more future climate 
information over time periods of less than twenty years; at least some of these 
Providers are aware of the preferred temporal scales of information for User 
decision making. 
 
This addresses the 1st hypothesis of the thesis, that Providers’ ability to produce 
usable information for Users is limited by the available science; as well as the 3rd 
hypothesis, that this information needs to be contextualised to the decision being made. 
The implication of these results is that even though these Providers are able to deliver 
much of what the Users want, it is still not necessarily actually being provided or 
reaching the Users. This is likely partly linked to the mode of communication between 
Providers and Users, which is discussed in greater detail in the section (below) which 
addresses key research questions 4 and 8. This is supported in recent literature on 
provision of information. 
 
Key research question 2: 
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What is the relationship between the complexity of climate change 
information and the usefulness of that information for decision making for 
Users in this sector? (i.e. is there a trade-off between complexity and utility 
of the climate information?)  
And key research question 7: 
Does the type of information or the complexity of the required information 
change between short- and long-term decisions within the sector? 
 
There is a relationship between the spatial scale of future climate information 
and usefulness, with a decrease in usefulness as the spatial scale exceeds 50km2. The 
results also suggest a possible relationship between temporal scale and level of 
usefulness of future climate information, with usefulness decreasing as the time period 
increases; this occurs sharply over the first thirty years and then in a less pronounced 
but consistent fashion from that point onwards. The required type and complexity (in 
terms of spatial and temporal scales) of climate information changes depending on 
whether the decision to be made is focused on the short- or long-term. In other words, 
whether or not short- or long-term climate information is useful is highly decision-
sensitive and context-dependent. Specifically: 
 
 For short-term decisions (less than one year in the future), Users want higher 
resolution (finer detail) climate information, averaged over 1-10 km grids; this 
information is required about specific changes to variables, with a focus on 
extreme events, and warning systems for occurrences of frost; 
 For long-term decisions (greater than one year in the future), lower resolution 
(coarser detail) is considered acceptable to Users; information presented over 
average areas the size of growing regions (typically around 20km2 to 50km2) is 
considered acceptable; 
 For long-term decisions (greater than one year in the future), Users require many 
different types of information, with a particular focus on changes to extremes; 
and information presented in the form of homoclimes; and 
 Users want this information over time periods that are a maximum of five to 
twenty years into the future. 
 
The implication of these results is that information that does not consider the 
context of the decision to be made is less likely to be provided in the correct format and 
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at the correct level of complexity to be useful. This contradicts the focus of the majority 
of the climate modelling literature which seeks greater complexity in terms of the 
resolution of climate information (despite the inherent uncertainties associated) 
regardless of the timeframe of decision making. 
 
Key research question 4: 
How prevalent is co-production of information with Users? Is it the ‘norm’? 
And key research question 8: 
What are the barriers to Providers better engaging with their Users, and 
how might those barriers be overcome? 
 
The results suggest that the rhetoric and reality of co-production remain 
divergent. Either there is an ongoing gap between the co-production rhetoric and the on-
ground reality or this result is a sampling issue reflecting the very small size of the 
follow-up survey. If the ongoing gap is in fact present, concerted effort is required by 
both Providers and Users to overcome the barriers by better understanding the 
challenges each faces. The key to successful interaction for these time-poor Providers 
and Users is likely to be in using to a fuller extent the avenues of communication and 
knowledge adoption that already exist. Specifically: 
 There is significant alignment between Provider and (viticulture) User 
perspectives about the barriers to co-production and to providing information 
that Users want;  
 Many of the barriers to Providers and Users better engaging with each other 
relate to institutional and/or organisational norms that are complex and not easy 
to overcome; 
 Participants suggested that strategies used to overcome these barriers could 
include engaging in open and honest iterative dialogue from the design phase of 
projects; allowing adequate flexibility in organisations and institutions; and 
ensuring that future climate information is properly contextualised to make it 
decision-centred rather than over-emphasised and climate-centred; 
 Involving trusted intermediaries in boundary organisations to act as knowledge 
brokers between Providers and Users may help; particularly regarding 
homoclimes and the potential for co-production of information; but secure 
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funding is needed to enable Providers and Users to build and nurture the 
relationships necessary to overcome the barriers; and 
 Boundary organisations could be used as the instrument through which 
governments could channel secure and on-going funding; but although secure 
funding would greatly aid the process, equally important is the continuing 
commitment to ensure engagement between Providers and Users. 
These findings address the 5th hypothesis of the thesis, that the reality of usability 
“on the ground” is somewhat in the middle. In other words, co-production can 
overcome some barriers by clarifying both the needs of users but also the limits of the 
available science. The implication of these results is that if co-production is not 
occurring in practice in these situations where the end goal is addressing user needs, 
then it is much less likely that the gap between provision and use of information will be 
bridged; because the mode of interaction developed to overcome this issue (co-
production) is not being adhered to in practice. This supports the idea (shown for 
Canada by Ford et al., 2013) that although co-production is common rhetoric in research 
to address user needs, it is significantly less commonplace in practice. 
 
9.2 Users’ perspective – viticulture case study 
summary 
 
The demand for future climate information from Users in viticulture is not being 
fully met by the supply of that information. Different information is desired by Users 
for shorter- versus longer-term decision making. The climate variables that are 
important in the decision making process of these Users are known – but the spatial and 
temporal scales over which they would use this information for longer-term decision 
making has not been shown previously for this sector.  
For short-term decision making, increased complexity of information is linked to 
increased usefulness. For long-term decision making, more detailed information does 
not necessarily result in increased usefulness. Users want more context-specific 
information that compares the likely future climate over the wine grape growing regions 
to current climates experienced elsewhere. Users view this form of information as more 
useful as it takes into account their existing decision making framework and takes away 
much of the ‘hard work’ for a decision maker in viticulture (e.g. the risk-production-
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profit trade-offs) of having to determine how to cope in that new climate context, what 
works and does not work; as this has already been ascertained by other Users. 
The interview-based findings from one viticultural district within south-eastern 
Australia have been validated through the widely distributed survey, which has 
extrapolated the results across the wider viticulture sector in Australia. This case study 
is an example that provides guidelines for determining similar aspects of User needs in 
other agricultural and non-agricultural sectors, and therefore these findings are likely to 
be applicable beyond the particular case study presented here.  
While GCM-based downscaled outputs of individual climate variables for the far 
future (20 to 100 years) continue to be perceived by information-producing researchers 
as what Users want in terms of information to assist them in adapting to climate change, 
this study indicates otherwise. The outputs of future climate models are typically 
presented at the wrong spatial scales and in a format which is not appropriate for 
decision-making Users in viticulture (most of whom want homoclimes); detailed 
downscaling of future climate information at the longer timeframes (decades) typically 
presented is not needed by this User group; and notably, there is a gap in the timeframes 
of information presented within which Users want information, which is longer than 
three months but less than ten years. GCM-based downscaled outputs are also resource 
intensive to produce. This raises questions about the relative allocation of resources in 
relation to climate research relevant to agricultural (and other) decision-making 
contexts. While longer timeframes may be appropriate for some Users, the needs of this 
User group would be better reflected through more investment proportionately in the 
three month to ten year gap discussed above. 
 
9.3 Providers’ perspective – summary  
 
This case study shows that co-production of future climate information is 
happening in some on-ground situations. However, the rhetoric and on-ground reality of 
co-production remain divergent. From Providers’ perspectives, co-production is 
happening in some but not all situations where User needs are considered. Providers of 
climate information have had varied experiences of engaging with Users. The majority 
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of these Providers seem to be aware of their Users’ needs, but are not always either able 
or willing to meet them.  
There are some kinds of future climate information that these interviewees’ Users 
request that Providers are unable to provide (due, for example, to the lack of time and 
funding available). Providers are able to provide the information considered most useful 
for long-term adaptation decision-making by interviewees in viticulture – that is, 
homoclimes or climate analogues – but are cautious about doing so. The cautiousness 
derives from their experiences or perceptions of Users being drawn in by the “false 
realism” of the information, as well as from peer pressure to not provide information in 
this form because of the uncertainties in the information as well as the perceived 
tendency for Users to extrapolate too much from the sometimes very basic relationships 
presented for one or two climatic variables to other aspects of the climate. However, in 
the Users’ decision-centred framework for decision making, homoclime information 
would only be used as one of many variables on which a decision would be based; 
suggesting that the Providers’ reservations about providing information in this form 
may be overstated. The majority of Providers believe that more localised information is 
needed by their Users, including for long-term decision making; but for the Users this is 
only true for short-term decision making, because for long-term decision making 
information presented over regions is almost equally as useful as more localised 
information. Finer temporal resolution than is currently provided is, however, 
considered necessary by both Providers and Users. This implies better understanding 
between Providers and Users, which, with better targeted research, could lead to 
potential savings in time and money. 
The barriers to Providers better engaging with Users and co-producing future 
climate information are well known, but not easy to overcome. Better understanding on 
both sides of the challenges faced by the other, and the use of “boundary chains” (i.e. 
sharing the process of producing and providing climate information tailored to a 
particular user’s needs) to decrease the workload and costs may help to some degree to 
overcome the barriers. However, secure and on-going funding is a necessary backbone 
of this process, and one that, in Australia and many other countries, is not currently in 
place.  
Boundary organisations, one example being Local Land Services (previously 
known as Catchment Management Authorities) in the State of New South Wales, could 
be used as the instrument through which governments could channel secure and on-
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going funding. Although secure funding would greatly aid the process, equally 
important is the continuing commitment to ensure engagement between Providers and 
Users. Whatever the instrument through which it is enacted, the key to successful 
interaction for these time-poor Providers and Users is likely to be in using, to a fuller 
extent, the avenues of communication that already exist to reduce the financial and time 
burden. 
 
 
 
9.4 Lessons to be learnt 
 
The suggestions made here are drawn both from empirical data analysed in this project 
as well as from the large body of existing literature on the topic. The specific 
suggestions for Providers about the types of information to provide and the temporal 
and spatial scales over which to provide them are more strongly based on empirical data 
from this research than are the suggestions for Users. 
For Providers: 
 Be clear about the intention of projects and whether or not an intended outcome 
is applicability of the information to Users’ decision making in a particular 
sector or sectors; 
 If working in the area of applied climate information and/or user needs, be 
mindful of the potential for your work to be used by Users, ensure you are 
informed about your User community and their decision-making processes and 
priorities, and think about how to make the information you are producing most 
accessible to potential Users;  
 If an end-goal is to assist Users’ decision making, involve Users in an iterative 
fashion from the beginning of project design; applying both sets of expertise 
together is most likely to result in the best outcome; and evaluate whether the 
research has met this goal; 
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 Users in the primary industries are familiar with dealing with uncertainty, so do 
not disregard their ability to integrate the uncertainty in the information you 
present into their decision making;  
 If a climate Provider, deliver no more than a few options in terms of variables 
and spatial and temporal scales and, if there is a lack of resources to engage with 
Users to determine the most useful format, present future climate information in 
contextualised forms, such as homoclimes; and provide information about, and 
examples of, the uncertainty, limitations and interpretation associated with 
homoclime information; 
 Keep in mind that further spatial downscaling of long-term climate information 
(20 or more years) does not add value for these Users in viticulture; focus on 
providing them with future climate information over the size of growing regions 
(e.g. 20 x 20 km to 50 x 50 km); and 
 With proportionately less focus and investment on creating finer spatial scales of 
information for long-term User needs, redirect modelling resources to focus on 
three-month (seasonal) to decadal-scale prediction. 
 
 
For Users: 
 Be clear about your desired outcomes (both core and secondary) of ventures and 
work with Providers to co-produce the information you want, making every 
attempt to understand the challenges they face, as well as your own; 
 Request that information be properly contextualised to your circumstances and 
needs, including the format in which the information is provided; 
 Request information in the form of homoclimes where available but realise its 
limitations; 
 If interacting with Providers, be clear with them about the other factors to be 
considered in your decision-sphere, and the relative importance of climate 
information in your decision making; 
 Use peak industry organisations (for example, Wine Grape Growers Australia) 
to communicate your needs and to influence research and development that is 
useful for your decision making; and 
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 Take advantage of opportunities for two-way information exchange with 
Providers (such as field days, workshops and conferences) as well as updating 
your knowledge, enlisting the assistance of knowledge brokers in boundary 
organisations. 
 
9.5 Recommendations for future research 
 
The applicability of the results of this case study to other sectors will depend upon 
the different planning horizons that Users in different sectors must consider (Adger et 
al., 2005; Bryson et al., 2010). It is likely that different sectors will therefore require 
climate change information to be supplied at different spatial and temporal scales 
appropriate to their needs and existing decision making processes (Deelstra et al., 2003; 
Charles et al., 2007; Dow and Carbone, 2007; Bryson et al., 2010; Mase and Prokopy, 
2014; e.g. Deuter, 2006). However, it is possible that other primary industry sectors 
with similar planning horizons (e.g. pome fruits) and non-related sectors with similar 
planning horizons (e.g. health, water resources) may have similar requirements. The 
insights from this research could contribute towards government policy formulation to 
achieve successful adaptation to climate change by suggesting ways in which applied 
research funding could be targeted (e.g. for appropriate boundary organisations in 
particular). 
Recommendations for future research include: 
 Further exploring the reluctance of Providers to deliver information in the form 
of homoclimes; and the desire of Users (for example in other sectors) to receive 
information in this form; also User understanding of the limitations and 
uncertainties associated with homoclime information; 
 Further exploring (perhaps through knowledge brokers in boundary 
organisations) whether the suggested gap between rhetoric and on-ground reality 
of co-production discussed in this thesis is a function of the small sample size of 
Users, or whether it is the result of a continuing tension between Provider belief 
that they are effectively engaging in co-production and User perception and/or 
experience that this is not effective or sufficient; 
 Seeking out more instances where co-production has been applied in agricultural 
and non-agricultural sectors with similar planning horizons (e.g. the health and 
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water sectors), and exploring what made the co-production process successful or 
otherwise; 
 Further collaborative testing and tailoring of information to User-specific needs, 
potentially grouping sectors with similar needs; 
 Developing a framework or model of co-production of future climate 
information for decision making that could be applied over a range of sectors;   
 Further testing the suggested conceptual relationship between complexity and 
usefulness of future climate information for User decision making, integrating 
measures such as cost and person hours, using larger sample sizes to increase 
confidence in, and interpretability of, the results; and 
 Exploring how best to assist the development of “boundary chains” (Lemos et 
al., 2014) and/or research into which organisations could act as links thereof.  
 
9.6 Reflections 
 
The chosen methodology was linked to the nature of the enquiry and moreover 
to the use of Layder’s Adaptive Theory (see section 3.1), which required the use of 
the adaptable mixed methods approach. While overall the methodology achieved 
that which it set out to achieve, there were a number of limitations, arising from the 
time-intensive nature of a mixed methods enquiry. This resulted in a limitation for 
the final follow-up survey with viticulturists, which received only a very small 
sample of responses, and for which there was no longer adequate time in the project 
to extend the follow-up survey to a wider audience in order to achieve an adequate 
sample size. This resulted in a lower level of analysis for those bits of data and less 
empirical evidence for further theory-building based on the results than may 
otherwise have been the case. A further limitation was the choice of online survey 
methods. While this was the most appealing and viable method of data collection for 
those stages of the research, given the funding and timing limits of the project, it 
may have been the case that a different approach, such as mail-out surveys with 
follow-up phone calls, may have achieved a higher response rate. However, for all 
but the final follow-up survey with viticulturists, the sample size was large enough 
to address the key research questions, and again, it is only in the area of theory-
building that the relatively small sample sizes affected the contribution of the 
outcome to the wider discipline.  
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Another issue was encountered in the definitions of the terms near-future and 
far-future. The term near-future was defined and used differently between the 
interviews and the survey. This was because during the interviews, participants 
defined what they considered the “near-term”, and the majority of participants had a 
focus on the definition used on page 80; however during development of the survey, 
the relevant literature was also consulted and a compromise definition developed. In 
retrospect, this may have affected the interpretation of some of the results. 
 
Criticism is often levelled at mixed methods designs, suggesting that in 
attempting to cross the boundaries of both qualitative and quantitative methods, 
neither method is done justice. Such criticisms often ignore the key strength of a 
mixed methods approach, which lies in the ability to gain greater depth of 
understanding about key research questions, including the ability to more accurately 
determine which of those research questions are actually key to the issue at hand. 
The successes of using a mixed methods approach with Layder’s Adaptive Theory 
were exactly that. It allowed the researcher the flexibility to analyse many more 
aspects of the problem than may otherwise have been the case, and for the key 
issues to emerge clearly, supported by findings from other sections of the research. 
This may not have occurred if only qualitative or only quantitative methods were 
used.   
 
9.7 Chapter summary 
 
This research has dispelled myths surrounding the understanding of useful 
characteristics of future climate information and has shown Users the types of 
information that are available for their use. It has identified recommendations for 
Providers regarding where best to focus their efforts (and how to better engage with 
Users) if one of their goals is to provide useful future climate information to Users to 
support decision making. These recommendations hold the potential to inform 
Providers’ research focus in projects relating to providing information for decision 
making in viticulture specifically, agriculture more generally, and other sectors with 
similar planning horizons including health. Better understanding of User needs and a 
shift in focus towards meeting those needs could liberate research resources to conduct 
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the necessary consultations with Users. While further work is needed on both sides, 
Providers and Users are now in a better position to understand the motivations behind 
their development and uptake of future climate information for decision making; and the 
insights delivered from this research could assist Users to better engage with Providers 
to receive the information required for their decision making. The findings of this 
research regarding improved interaction between Providers and Users holds the 
potential to contribute to the over-arching goal of ensuring more effective climate 
change adaptation outcomes. 
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Appendix A: Interview information sheets 
 
Viticulture interviews 
 
Viticulture Interview Information Sheet 
How climate information can better serve your needs for decision-making in 
viticulture 
 
This interview is being undertaken, as part of the PhD research project Determining the 
usefulness of future climate information for decision-making in agriculture, through the Fenner 
School of Environment and Society at the Australian National University. The project is 
supported by an ANU Australian Post-graduate Award (APA) PhD Scholarship, as well as a 
CSIRO Flagship Top Up Scholarship. Your details have been obtained through contacts in the 
Viticultural Society of the Canberra District. 
 
This research project is assessing what types of information on climate change are most useful 
to viticulturists, wine-makers and industry representatives in the wine grape sector, and how this 
information can be most effectively communicated. The project is focused on the case study 
area of the Canberra District (incorporating parts of surrounding NSW). 
 
The project objectives are: 
 
1. To better understand what future climate information is useful and what characteristics 
make it more or less useful for representatives of the wine grape industry in making 
decisions with respect to climate change adaptation. 
2. To explore the relationship between the complexity of climate change information and 
the usefulness of that information. 
3. To determine whether differences in any given relationship (or what constitutes 
usefulness) are apparent between case study areas. 
 
The intent of this interview is to gain an understanding of what specific types of future climate 
information are useful for people in the wine grape industry. Particularly information which 
may aid their decision-making to do with adapting their viticultural practices to future changes 
in climate. In the interview you will be asked what information about future changes in climate 
would be most useful for you, and what formats you find easiest to access. It is expected that 
this interview will take no longer than one hour. 
 
The interviewer will take notes of the discussion, and although participants’ professions, 
industries and general localities may be revealed in subsequent research publications and 
reports, no quotes or attributed opinions will be used without express permission by the 
interviewee. Given permission, interviews will also be audio recorded and transcribed in full. 
Participation in the research is voluntary and you may choose whether or not to participate. 
Participants may refuse to answer certain questions, withdraw from the interview at any time, or 
request that material not be used. The information you provide will be used as the basis of 
analysis and will be published (in general, not specific terms) in scientific journal articles and as 
a doctoral thesis. Data will be stored in a password protected computer for 5 years after the 
completion of the research. 
 
This research operates under the research ethics protocols of the University, and any questions 
or complaints can be forwarded to the researchers (contacts below), or to the Human Research 
Ethics Committee (details below). 
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Human Ethics Officer 
Human Research Ethics Committee 
Research Services Office 
Chancelry 10B 
The Australian National University, ACT 0200 
 
Tel: (02) 6125 3427       
Email: Human.Ethics.Officer@anu.edu.au 
 
Thank you for your help with this research. If you have any further questions, please do not 
hesitate to contact me (Miriam Dunn), Assoc. Prof. Janette Lindesay, or Dr Jacki Schirmer. 
 
Kind regards, 
Miriam Dunn 
 
_____________________________________________________________________________ 
Contacts:  
Ms Miriam Dunn (miriam.dunn@anu.edu.au), Ph: (02) 6125 1127, M: 0423 302 860 
Dr Jacki Schirmer (jacki.schirmer@anu.edu.au), Ph: (02) 6125 2737  
Assoc. Prof. Janette Lindesay (janette.lindesay@anu.edu.au), Ph: (02) 6125 4921 
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Provider interviews 
 
Provider Interview Information Sheet 
The usefulness of future climate change information for users in agriculture 
 
This interview is being undertaken, as part of the PhD research project Measuring the utility and 
complexity of climate change models for decision-making in agriculture, through the Fenner 
School of Environment and Society at the Australian National University. The project is 
supported by an ANU Australian Post-graduate Award (APA) PhD Scholarship, as well as a 
CSIRO Flagship Top Up Scholarship. Your details have been obtained through 
__________________________________________. 
 
This research project is assessing the directional influence and usefulness of future climate 
information for users in agriculture, particularly viticulture. The focus is on the disconnect 
evident between the supply and demand of future climate information. It also considers whether 
more complex information creates extra value of that information for this user group. 
 
The project is focused on the disconnect evident between the supply and demand of future 
climate information – and is based on information from a case study of the wine sector in 
Australia and climate modellers across the globe. This disconnect will be explored through 
comparison of the points of connection and difference between the user-defined usefulness of 
future climate information for decision-makers in the wine grape sector in south-eastern 
Australia and what the climate models can actually produce, as well as the climate modellers’ 
perspective on the value of the information they produce for users. The results of this research 
are expected to have much wider implications than its geographic base. 
 
The project objectives are: 
 
1. To determine whether available information from future climate models can produce 
the specific types of information that meet the decision-making needs of this user group, 
and at the appropriate spatial and temporal scales to assist adaptation to climate change. 
2. To explore the relationship between the complexity of climate change information and 
the usefulness of that information for a particular user group. 
 
The intent of this interview is to gain an understanding of whether available information from 
future climate models can meet user needs, particularly in the wine grape sector. Particular 
attention is paid to information which may aid users’ decision-making to do with adapting 
practices to future changes in climate. In the interview you will be asked about the output of 
future climate models and about the value of that information. You will also be asked about 
what constitutes useful scientific information and about whether you co-produce climate 
information with users. It is expected that this interview will take no longer than one hour. 
 
The interviewer will take notes of the discussion, and although participants’ professions, 
industries and general localities may be revealed in subsequent research publications and 
reports, no quotes or attributed opinions will be used without express permission by the 
interviewee. Given permission, interviews will also be audio recorded and transcribed in full. 
Participation in the research is voluntary and you may choose whether or not to participate. 
Participants may refuse to answer certain questions, withdraw from the interview at any time, or 
request that material not be used. The information you provide will be used as the basis of 
analysis and will be published (in general, not specific terms) in scientific journal articles and as 
a doctoral thesis. Data will be stored in a password protected computer for 5 years after the 
completion of the research. 
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This research operates under the research ethics protocols of the University, and any questions 
or complaints can be forwarded to the researchers (contacts below), or to the Human Research 
Ethics Committee (details below). 
 
Human Ethics Officer 
Human Research Ethics Committee 
Research Services Office 
Chancelry 10B 
The Australian National University, ACT 0200 
 
Tel: (02) 6125 3427       
Email: Human.Ethics.Officer@anu.edu.au 
 
Thank you for your help with this research. If you have any further questions, please do not 
hesitate to contact me (Miriam Dunn), Assoc. Prof. Janette Lindesay, or Dr Jacki Schirmer. 
 
Kind regards, 
Miriam Dunn 
 
_____________________________________________________________________________ 
Contacts:  
Ms Miriam Dunn (miriam.dunn@anu.edu.au), Ph: +61-2-6125-1127, M: +61-423-302-860 
Dr Jacki Schirmer (jacki.schirmer@anu.edu.au), Ph: +61-2-6125-2737  
Assoc. Prof. Janette Lindesay (janette.lindesay@anu.edu.au), Ph: +61-2-6125-4921 
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Appendix B: Survey information sheets 
 
Viticulture (Users’) survey 
 
Viticulture Survey Information Sheet 
Useful future climate information for wine grape growing 
 
This survey is being undertaken, as part of the PhD research project Perceptions of usefulness: 
supply and demand of future climate change information for adaptation decision-making, 
through the Fenner School of Environment and Society at the Australian National University. 
The project is supported by an ANU Australian Post-graduate Award (APA) PhD Scholarship, 
as well as a CSIRO Flagship Top Up Scholarship. Your details have been obtained through 
contacts in the Australian and New Zealand Wine Industry Directory. 
 
This survey is for people involved in the wine industry in Australia, including viticulturists, 
wine-makers and wine industry representatives. It aims to identify the types of future climate 
information that you consider useful for decision-making about climate change adaptation and 
how this information can be most effectively communicated. Anyone involved in the wine 
industry in Australia is welcome to complete the survey. 
 
The project objectives are: 
 
1. To better understand what future climate information is useful and what characteristics 
make it more or less useful for representatives of the wine grape industry in making 
decisions with respect to climate change adaptation. 
2. To explore the relationship between the complexity of climate change information and 
the usefulness of that information. 
3. To determine whether differences in any given relationship (or what constitutes 
usefulness) are apparent between case study areas. 
 
In the survey you will be asked what information about future changes in climate would be most 
useful for you, and what formats you find to be most useful. It is expected that this survey will 
take no longer than 10-15 mins to complete. 
 
Although participants’ professions, industries and general localities may be revealed in 
subsequent research publications and reports, no quotes or attributed opinions will be used 
without express permission by the survey participant. Participation in the research is voluntary 
and you may choose whether or not to participate. Participants may refuse to answer certain 
questions or withdraw from the survey at any time. The information you provide will be used as 
the basis of analysis and will be published (in general, not specific terms) in scientific journal 
articles and as a doctoral thesis. Data will be stored in a password protected computer for 5 
years after the completion of the research. 
 
The ethical aspects of this research have been approved by the ANU Human Research Ethics 
Committee. 
If you have any concerns or complaints about how this research has been conducted, please 
contact the researchers (contacts below), or the Human Research Ethics Committee (details 
below). 
_____________________________________________________________________________ 
Contacts:  
Primary researcher: Ms Miriam Dunn (miriam.dunn@anu.edu.au), Ph: (02) 6125 1127, M: 0423 
302 860 
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Assoc. Prof. Janette Lindesay (janette.lindesay@anu.edu.au), Ph: (02) 6125 4921 
 
 
The ANU Human Research Ethics Committee 
The Australian National University, ACT 0200 
Tel: (02) 6125 3427       
Email: Human.Ethics.Officer@anu.edu.au 
 
Thank you for your help with this research. If you have any further questions, please do not 
hesitate to contact me (Miriam Dunn) or Assoc. Prof. Janette Lindesay. 
 
Kind regards, 
Miriam Dunn 
 
236 
Miriam Dunn User and Provider perspectives... 236 
 
Providers’ survey 
 
Provider Survey Information Sheet 
Climate scientists' perceptions of the future climate information needed by users for adaptation  
 
This survey is being undertaken, as part of the PhD research project Perceptions of usefulness: 
supply and demand of future climate change information for adaptation decision-making, 
through the Fenner School of Environment and Society at the Australian National University. 
The project is supported by an ANU Australian Post-graduate Award (APA) PhD Scholarship, 
as well as a CSIRO Flagship Top Up Scholarship. Your details have been obtained through 
contacts in the ClimList directory. 
 
This survey is for people involved in climate science in Australia and around the world. It aims 
to identify the types of future climate information that you consider useful for decision-making 
about climate change adaptation by users that you work with in different sectors, such as 
agriculture, as well as the incentives or drivers that support your engagement with users. The 
results will be compared with the needs specified by users of climate science information 
(which have been conducted in a separate survey). Anyone involved in climate science is 
welcome to complete the survey, and we are particularly keen for participation by climate 
scientists who produce or present future climate information to individuals or groups of 
decision-makers in the primary industries. 
 
The project objectives are: 
 
1. To identify what types of future climate information providers of climate information 
consider useful for users’ decision-making about climate change adaptation, as well as 
the barriers to providing that information. 
2. To explore the relationship between the complexity of climate change information and 
the usefulness of that information. 
3. To compare the types of future climate information which are considered useful by 
providers of information with those of the users of the information. 
 
In the survey you will be asked what information about future changes in climate you provide to 
users and what types of information you consider to be most useful. It is expected that this 
survey will take no longer than 10-15 mins to complete. 
 
Although participants’ professions, industries and general localities may be revealed in 
subsequent research publications and reports, no quotes or attributed opinions will be used 
without express permission by the survey participant. Participation in the research is voluntary 
and you may choose whether or not to participate. Participants may refuse to answer certain 
questions or withdraw from the survey at any time. The information you provide will be used as 
the basis of analysis and will be published (in general, not specific terms) in scientific journal 
articles and as a doctoral thesis. Data will be stored in a password protected computer for 5 
years after the completion of the research. 
 
The ethical aspects of this research have been approved by the ANU Human Research Ethics 
Committee. 
If you have any concerns or complaints about how this research has been conducted, please 
contact the researchers (contacts below), or the Human Research Ethics Committee (details 
below). 
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Contacts:  
Primary researcher: Ms Miriam Dunn (miriam.dunn@anu.edu.au), Ph: (02) 6125 1127, M: 0423 
302 860 
Assoc. Prof. Janette Lindesay (janette.lindesay@anu.edu.au), Ph: (02) 6125 4921 
 
 
The ANU Human Research Ethics Committee 
The Australian National University, ACT 0200 
Tel: (02) 6125 3427       
Email: Human.Ethics.Officer@anu.edu.au 
 
Thank you for your help with this research. If you have any further questions, please do not 
hesitate to contact me (Miriam Dunn) or Assoc. Prof. Janette Lindesay. 
 
Kind regards, 
Miriam Dunn 
238 
Miriam Dunn User and Provider perspectives... 238 
Follow-up viticulture (Users’) survey 
 
Follow-up Viticulture Survey Information Sheet 
Co-producing future climate information with viticulturists to meet your needs for adaptation 
 
This survey is being undertaken, as part of the PhD research project Perceptions of usefulness: 
supply and demand of future climate change information for adaptation decision-making, 
through the Fenner School of Environment and Society at the Australian National University. 
The project is supported by an ANU Australian Post-graduate Award (APA) PhD Scholarship, 
as well as a CSIRO Flagship Top Up Scholarship. Your details have been obtained through 
contacts in the Viticultural Society of the Canberra District. 
 
This survey is for people involved in viticulture in the Canberra District (incorporating 
surrounding parts of NSW). It is a follow-up survey from research conducted in this district 
over the past 2 years. Please note that you do not need to have participated in the earlier stages 
of the research to participate in this survey. This part of the research project is exploring your 
experiences of having future climate information provided to you based on your needs (or 
otherwise). 
 
The project objectives are: 
 
1. To identify whether you have been provided future climate information that meets your 
needs and whether your information needs have been discussed with you in the early 
stages of designing the project; 
2. If you have not been consulted, to explore your views on why that consultation has not 
occurred and how to overcome potential barriers; 
3. To compare the results of this research with the results of previous research conducted 
with researchers who provide future climate information; and  
4. To give you an opportunity to add any further insights. 
 
In the survey you will be asked what level of interaction you have had with researchers when 
they have been designing products to provide you with future climate information. It is expected 
that this survey will take no longer than 10-15 mins to complete. 
 
Although participants’ professions, industries and general localities may be revealed in 
subsequent research publications and reports, no quotes or attributed opinions will be used 
without express permission by the survey participant. Participation in the research is voluntary 
and you may choose whether or not to participate. Participants may refuse to answer certain 
questions or withdraw from the survey at any time. The information you provide will be used as 
the basis of analysis and will be published (in general, not specific terms) in scientific journal 
articles and as a doctoral thesis. Data will be stored in a password protected computer for 5 
years after the completion of the research. 
 
The ethical aspects of this research have been approved by the ANU Human Research Ethics 
Committee. 
If you have any concerns or complaints about how this research has been conducted, please 
contact the researchers (contacts below), or the Human Research Ethics Committee (details 
below). 
_____________________________________________________________________________ 
Contacts:  
Primary researcher: Ms Miriam Dunn (miriam.dunn@anu.edu.au), Ph: (02) 6125 1127, M: 0423 
302 860 
Assoc. Prof. Janette Lindesay (janette.lindesay@anu.edu.au), Ph: (02) 6125 4921 
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The ANU Human Research Ethics Committee 
The Australian National University, ACT 0200 
Tel: (02) 6125 3427       
Email: Human.Ethics.Officer@anu.edu.au 
 
Thank you for your help with this research. If you have any further questions, please do not 
hesitate to contact me (Miriam Dunn) or Assoc. Prof. Janette Lindesay. 
 
Kind regards, 
Miriam Dunn 
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Appendix C: Example interview questions 
 
Viticulture interviews 
 
Semi-structured interview questions from interviews with viticulturists, wine-
makers and wine industry representatives in 2011 
1. What kinds of things do you do (here on the vineyard)? 
2. How long have you been doing this? 
3. How important is weather and climate information in your business? 
 (i) What kinds of information? 
 (ii) Can you give me an example of something you use this information for? 
 (iii) Where do you get this information from at the moment? 
 (iv) What influences how much you use it? 
 (v) How often do you check it? 
 (vi) What would happen if you didn’t use it/check it? 
4. Are some kinds of information more useful to you than others? 
5. Would anything make it more useful to you? 
6. How much certainty do you expect from this information to use it? 
7. So you’re already using (your experience and/or a lot of information), but is there any 
other climate information that would be useful to you? 
 (i) Would you knokw where you could get it? 
 (ii) How specific would it need to be to be useful? 
 (iii) Over what kind of area? 
 (iv) How often? 
8. What kinds of information have other wine grape growers/wine-makers/industry 
personnel used? 
 (i) Is that different to what you use? 
9. How do you think other people would see the viability of your business if they accept 
climate change? 
 (i) Do practices need to be adapted? 
 (ii) Would they think that you have made the right decisions so far? 
10. Is there anything else you’d like to talk about? 
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Provider interviews 
 
Semi-structured interview questions from interviews with climate information 
providers in 2012 
1. Could you tell me a bit about what you do? 
2. Which climate models do you work with? 
3. Do you use downscaling? Or do you work primarily with GCMs? 
4. What kinds of information do you produce from the models? Information about 
specific climatic variables? Homoclimes? Something else? 
5. Is it possible to produce homoclimes from this work?  
6. Which specific parameters/variables do the climate models you work with reproduce? 
  Minimum temperature 
  Maximum temperature 
  Rainfall 
  Humidity 
  Maximum windspeed 
  Evaporation 
  Evapotranspiration 
  Light intensity (UV index) 
  Soil moisture 
  Other (please specify)  
 
7. At what timeframes and over what spatial scales can the climate models you work 
with provide these variables? 
8. Why are you doing this work (future climate modelling/working with users)? Who 
dictates what is counted as useful scientific research? Who do you think should dictate 
it? 
9. Who do you think the main users of your data/info are? 
10. Do any agricultural sectors use your info? Do you work with them personally? 
11. Do you have groups or people within your modelling group that focus on users and 
working with them? 
12. To what extent do you consult with the user (if at all), or do you try to find out what 
their needs are in some other way? What would you say is the driving factor behind 
whether or not climate change scientists engage with users to understand their needs 
when developing future climate information? 
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13. Do you know what your users want? What do you think constitutes usefulness of 
scientific information? 
14. Do you think you should be working with them and providing them with that 
information? Why or why not? 
15. What barriers do you see as preventing you from providing this information? 
16. How useful do you think users consider the information you produce with the 
climate models? 
17. What, if anything, do you tell users about the uncertainty of the future climate 
information produced using climate models? 
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Appendix D: Survey questions 
 
Viticulture survey 
 
Welcome! 
 
This survey is for people involved in the wine grape sector in Australia. It aims to better 
identify the types of climate information useful to you in making short- and long-term 
decisions about grape growing. Based on the results, we will identify areas where we need to 
further explore how best to meet the future climate information needs of the wine grape 
sector. Anyone involved in the sector is welcome to complete the survey, and we are 
particularly keen for participation by viticulturalists, wine-makers and industry representatives. 
The survey should take approximately 15-20 minutes to complete, and responses will remain 
anonymous. 
 
Participation in this survey is voluntary. If you have any questions before you begin, please 
contact Miriam Dunn at  
 
miriam.dunn@anu.edu.au  
 
or freecall 1800 017 910 
 
 
How useful short-term climate information is for your decision making 
This section asks for your opinion on the usefulness of specific climatic variables for your 
decision-making. 
1. Are some types of future climate information more useful in your decision-making than 
others?  
Yes 
No 
Unsure 
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2. Please rank the following climatic variables (1-10) in order of usefulness, where 1 is very 
useful and 10 not useful at all. 
 
 Min. 
T 
Max. 
T 
Rainfall Humidity Maximum 
windspeed 
Evapor-
ation 
Evapo-
transpiration 
Light 
intensity 
(UV) 
Soil 
moist
ure 
Other 
1 (Very 
useful) 
          
2           
3           
4           
5           
6           
7           
8           
9           
10 (Not 
at all 
useful) 
          
 
Future climate and viticulture in your region 
This section asks for your opinion on each of the following statements to do with future 
climate information and your long-term decision-making. 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
I am primarily concerned with the prevailing 
weather and climate conditions of the 
current season, rather than future climate 
conditions. 
      
The time of the season affects which types 
of climate information are most useful. 
      
Weather and climate information about the 
near future (a few days to a year in 
advance) is more useful to me than climate 
information about the far future (more than 
a year). 
      
Longer-term climate information plays a 
role in my decision-making, but it is less 
important than short-term climate 
information. 
      
The type of future climate information that 
is important depends on the type of 
decision to be made. 
      
The type of future climate information that 
is important depends on the timeframe 
within which the decision falls. 
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Shorter-term decisions require different 
future climate information than longer-term 
decisions. 
      
 
 
Information needs for decision making 
This section asks for your opinion on each of the following statements to do with factors which 
affect the usefulness of future climate information to your decision-making. 
4. Please select one response only for each statement below. 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
For future climate information to be useful 
to my decision-making, it is important for it 
to be presented in context of other 
decision-making factors, such as financial 
impact. 
      
Future climate information needs to be 
more accurate before it could be useful to 
my decision-making. 
      
Future climate information is valuable to 
help me decide which varieties to plant or 
graft over to. 
      
Future climate information has some 
degree of uncertainty. 
      
 
 
Useful scales and lead times for future climate information 
This section asks for your opinion on each of the following statements to do with how factors 
such as spatial scale, lead times for information, useful combinations of climatic variables, and 
the international context influence the usefulness of future climate information. 
 
5. Please select one response only for each statement below 
 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
The types of future climate information 
that I currently receive are meeting my 
needs. 
      
The spatial scale of future climate 
information that I receive is about right for 
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what I need. 
I would like to receive future climate 
information at spatial scales the size of 
growing regions. 
      
I would like to receive future climate 
information at spatial scales of 
approximately 1km by 1km. 
      
I do not need more localised climate 
information about specific vineyard sites. 
      
The timeframe over which future climate 
information is provided is not meeting my 
needs. 
      
When I’m making short-term decisions 
(such as whether to put on a protective 
spray before rain, prepare for a frost event, 
prune, etc), I need very localised, very 
detailed information. 
      
When I'm making short-term decisions, I 
want the information at lead-times of a 
few hours to a few days. 
      
When I’m making decisions about the 
longer-term future (> 1 year), I only need 
broad climate information. 
      
It is important to me that future climate 
information is placed in context of changes 
in the wider wine grape sector. 
      
General ideas about whether the climate is 
likely going to get hotter and drier or 
cooler and wetter (etc) are more useful to 
me than information about changes to 
specific climatic variables (e.g. whether it is 
going to get warmer by 2 degrees C). 
      
It would be useful to me to know 
directional (e.g. if the climate will be hotter 
and drier or cooler and wetter, etc) future 
climate information about both domestic 
and international wine grape growing 
regions. 
      
When I think about decisions in the distant 
future, such as whether to plant new vines, 
it would be useful to know climate 
information for approximately 5 to 20 
years in the future. 
      
If I was considering distant future decisions 
(5+ years), it would be useful to know what 
the climate in my area is likely to become 
like in terms of climates that are currently 
experienced in other wine grape growing 
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regions. 
If I was considering distant future decisions 
(5+ years), it would be useful to know 
specific information about changes to 
variables such as temperature and rainfall 
for my area only. 
      
 
Homoclimes (climate comparisons) 
This section asks questions about your level of familiarity with future climate information 
presented in a specific way. 
6. Are you familiar with the terms homoclime or climate analogue? 
Yes 
No 
 
 
Climate analogues (or homoclimes) give an indication of what the climate of a region could 
become like in comparison to other current growing regions (e.g. the Canberra District climate 
in the future could become more like Mudgee's climate at present).  
7. Have you seen any homoclimes that have been produced for your region? If so, do you 
know who produced them? 
Yes (please specify below who or what organisation produced them) 
No 
 
 
 
8. Did you find the information from these homoclimes useful? 
Yes 
No 
9. Why or why not? 
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Scenarios: choosing different varieties of grape to plant or graft over to 
When answering the following set of questions, imagine that you are deciding whether to 
plant (or graft over to) a new variety of grape (and have in mind which kind) which could 
better deal with expected warmer growing season temperatures and changes in rainfall. 
The questions that follow are designed to explore the climate information you would find 
useful to help you make the decision, particularly in terms of information that would help you 
decide what varietal(s) to graft over to, and when to do so. 
 
10. To what extent would future climate information influence your decision about which 
variety of grape to plant or graft over to? 
Not at all 
Not very much 
Neutral 
Somewhat 
Very much 
Unsure 
 
11. To what extent would each of the following types of climate information be useful to 
help you decide whether to plant a new variety of grape?  
 
Not at all 
useful 
Not very 
useful 
Neutral Some
what 
useful 
Very 
useful 
Unsure 
Changes to average daily temperature       
Changes to average daily rainfall       
Changes to maximum and minimum daily 
temperatures (extremes) 
      
Changes to the frequency of extreme 
rainfall events 
      
Changes to specific climatic variables - 
e.g. average temperatures will rise by 2 
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degrees Celsius over this area. 
Climate analogues (also known as 
homoclimes) - that give an indication of 
what the climate of a region is likely to 
become by comparing it to the current 
climate in other existing wine grape 
growing regions. 
      
 
12. Would a different type of future climate information be more useful to help you decide 
whether to plant a new variety of grape? 
Yes 
No 
Unsure 
 
13. If so, what type of future climate information? 
 
 
 
14. What timeframe of climate information would you find MOST useful in helping you to 
make decisions about whether to plant a new variety of grape? Choose only one. 
Climate information about the near future (1 to 5 years) 
Climate information about the medium range future (6 to 10 years) 
Climate information about the far future (11 to 15 years) 
Climate information about the very far future (16 to 20 years) 
Climate information about the distant future (> 20 years) 
 
15. How useful would future climate information within each of the following timeframes be 
for you to help you make management decisions in general? Please choose one option for 
each timeframe. 
 
Not at all 
useful 
Not very 
useful 
Neutral Some
what 
useful 
Very 
useful 
Unsure 
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Less than 24 hours       
Less than one week       
Within the current growing season       
Less than one year       
More than one year, but less than 10 
years 
      
More than 10 years       
 
16. If you were deciding whether to plant a new variety of grape, how useful would future 
climate information on each of these spatial scales be to you? Please choose one option for 
each scale. 
 
Not at all 
useful 
Not very 
useful 
Neutral Some
what 
useful 
Very 
useful 
Unsure 
Very local (e.g. over "your vineyard")       
Somewhat local (e.g. averaged over your 
specific locality) 
      
Regional (e.g. averaged over your growing 
region) 
      
Somewhat broad (e.g. averaged over 
several growing regions) 
      
Very broad (e.g. averaged over the state 
of NSW) 
      
 
17. If you were deciding whether to plant a new variety of grape, how likely would you be to 
spend the following amount of time familiarising yourself with future climate information? 
Please choose one answer for each time input. 
 
Not at all 
likely 
Not very 
likely 
Neutral Some
what 
likely 
Very 
likely 
Unsure 
"The time it takes to drink a cuppa"       
1 to 5 hours       
6 to 10 hours       
More than 10 hours       
As long as it takes to properly familiarise 
myself with the information 
      
 
18. Can you think of an example of another long-term decision that you would use future 
climate information to help you make? If so, what is it? 
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Supply of future climate information 
This section asks for your opinion on each of the following statements to do with the sources 
from which you receive future climate information and how much you trust those sources. 
19. Please select one response only for each statement below 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
I find future climate information 
confusing. 
      
I do not trust the sources of future climate 
information. 
      
I choose not to take into account future 
climate information. 
      
My preferred way of receiving climate 
information is through existing contacts I 
have in the industry. 
      
I would prefer to receive future climate 
information during organised gatherings, 
such as information days run by 
agricultural extension officers. 
      
It is important that the time involved in 
obtaining future climate information does 
not take too much time away from other 
aspects of the business. 
      
I would be willing to pay a fee to sign up to 
a service which provided me with localised 
near-term climate information. 
      
I would be willing to pay a fee to sign up to 
a service which provided me with localised 
long-term future climate information. 
      
 
20. What source(s) do you trust to receive climate information from? Choose as many as 
apply. 
John Gladstones' books 
Extension officers 
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Other viticulturalists 
Scientific community (e.g. Bureau of Meteorology, CSIRO, etc) 
Scientific (peer-reviewed) journal articles 
Universities 
Media 
Other (please specify below) 
 
 
 
Future changes to the climate 
This section asks for your opinion on each of the following statements to do with possible 
future changes to the climate of your region and your decision-making in adapting to those 
changes. 
 
21. Please select one response only for each statement below 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
I do not believe that I need to take 
measures to adapt to climate change now. 
      
I think that more climatic changes need to 
be seen before I would consider taking 
measures to adapt to climate change. 
      
In my region, current viticultural practices 
need to be adapted in light of climate 
change. 
      
I expect the climate in this area to change 
over the next 10-20 years. 
      
I believe that, at some point in the future, I 
will have to change some of my existing 
management practices to adapt to 
changing climatic conditions. 
      
I believe that, at some point in the future, I 
will have to change the mix of varieties 
that I grow to adapt to changing climatic 
conditions. 
      
I believe that we will still be able to 
produce quality wine grapes in this region 
in the long-term future (10-20 years from 
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now). 
I believe that I have the resilience 
necessary to adapt to climate change – 
including knowledge about my site(s), 
management practices, understanding of 
the optimum growing conditions for 
certain varieties, and the support 
networks. 
      
I believe that I will have adequate time to 
undertake any measures to adapt to 
climate change. 
      
I believe that I will be able to adapt to 
changes in climate as they occur, for 
example by grafting over to different grape 
varieties. 
      
I believe that climate change is occurring in 
my region. 
      
I believe that humans are the primary 
cause of recent climate change. 
      
The uncertainty surrounding future climate 
change would not stop me from 
considering climate change when making 
decisions about adapting my practices. 
      
If I had accurate information about future 
climate change, I would be more likely to 
take climate change into account in my 
decision-making about adapting my 
practices. 
      
I believe that the currently available future 
climate information is accurate enough to 
use it in my decision-making about 
adapting my practices to climate change. 
      
 
 
Your background and involvement in the sector 
The main body of questions are now concluded, and the remaining questions are 
demographics to help us better understand your situation. We would be grateful if you would 
please take the extra few minutes to answer these questions. 
 
22. Are you male or female? 
Male 
Female 
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23. What is your postcode? 
 
 
24. What is your primary occupation? Choose only one. 
Viticulturalist 
Vineyard manager 
Vineyard owner 
Winemaker 
Industry representative 
Government employee 
Other (please specify below) 
 
 
25. How long have you been involved in the industry? 
 
 
26. What was your previous occupation, if any? Choose only one. 
Scientist 
Researcher 
Teacher 
Government employee 
Consultant 
Other (please specify below) 
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27. To which age group do you belong? 
15 - 19 
20 - 24 
25 - 29 
30 - 34 
35 - 39 
40 - 44 
45 - 49 
50 - 54 
55 - 59 
60 - 64 
65 and over 
 
28. What is the highest level of education that you have achieved? 
Primary school 
Fourth year of high school (Year 10) 
High School Certificate (Year 12) 
TAFE diploma or trade certificate (post year 10 or 12) 
University degree 
Postgraduate degree 
Other (please specify below) 
 
 
29. If you manage a vineyard, how many hectares is it? 
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Thank you! 
Thank you for taking the time to complete this survey. Your responses will remain anonymous. 
If you wish to receive a copy of the survey results, please leave your details (name, contact 
number and email or postal address) below. These details will only be used for the purpose of 
communicating the results of the survey to you. 
 
If you have any comments or questions about the survey, please email  
 
miriam.dunn@anu.edu.au  
 
or Freecall 1800 017 910 
 
or you can send mail to  
 
Miriam Dunn  
c/o- The Fenner School of Environment and Society 
Building 141 
Linnaeus Way 
The Australian National University 
Acton, ACT, 0200 
 
30. Would you like to receive a copy of the survey results? 
Yes (please leave details in comment box below) 
No 
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Provider survey 
 
Welcome! 
 
This survey is for people involved in providing climate science in Australia and around the world. 
Anyone involved in climate science is welcome to complete the survey, and we are particularly keen 
for participation by climate scientists who produce or present future climate information for 
individuals or groups of decision-makers in the primary industries. The survey aims to identify the 
types of future climate information that you consider useful for decision-making about climate change 
adaptation by users that you work with in different sectors, such as agriculture, as well as the 
incentives or drivers that support your engagement with users. The results will be compared with the 
needs specified by users of climate science information (which have been conducted in a separate 
survey). The survey should take approximately 15-20 minutes to complete, and responses will remain 
anonymous. 
 
Participation in this survey is voluntary. If you have any questions before you begin, please contact 
Miriam at  
 
surveyclimateinfoproviders2013@gmail.com 
 
 
Providing future climate information for decision making 
 
This section asks whether you provide any kinds of future climate information to users for decision-
making in applied settings, such as, but not limited to, agriculture. 
 
1. Do you produce and/or provide access to future climate information for users in applied sectors 
(e.g. agriculture, health, etc)? Information could include changes to climatic variables; scenarios of 
possible future climates; raw data (e.g. model output); and so on.  
Yes 
No 
  
 
This section asks questions relating to the sectors that you work with, the stage(s) at which you involve 
user groups and also the potential barriers to working with user groups. 
 
2. Which of the following sectors do you work with? Choose as many as are applicable. 
Agriculture 
Fisheries 
Forestry 
Water resources 
Ecosystem services 
Health 
Other 
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3. At what stage in a project do you engage users? Choose only one. If your level of engagement is 
different between projects, please choose the response which reflects the majority of your projects. 
I engage users only in the development stage of a project 
I engage users from the development stage of a project and continue engaging them into later 
stages 
I engage users at later stages in a project 
I do not engage users during my projects 
I'm not sure 
Other (please specify below) 
 
 
4. To what extent do you co-produce information with potential users of that information? 
Not at all 
Not very much 
Neutral 
Somewhat 
Very much 
Unsure 
 
5. How prevalent would you say that co-production of information with intended users is in your 
discipline? 
Not at all prevalent 
Not very prevalent 
Neither prevalent or not prevalent 
Somewhat prevalent 
Very prevalent 
Unsure 
 
6. Which of the following factors are barriers to co-producing information with users? Choose as 
many as are applicable. 
Lack of institutional incentives. 
Lack of personal and professional rewards. 
Lack of funding and time limits. 
The amount of time and effort it takes to build relationships with users and to understand their 
needs. 
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The amount of time and effort it takes to transform the information into a form that the users 
want. 
The time and effort that it may take for users to understand the caveats of the information being 
provided. 
The different timeframes that are expected – as users may require the information in shorter time 
frames than it can be produced by scientists. 
The worldview of some research communities. 
Other (please specify below) 
 
 
7. Which of the following factors are barriers to producing the kinds of information that users want? 
Choose as many as are applicable. 
Lack of documentation of user needs 
Users' perceptions of their needs 
Lack of appropriate applied models for the particular sector 
Lack of finer resolution data for the particular area 
Uncertainty in the data 
Lack of clear definition of desired outcomes because of political agendas etc 
Lack of a clear metric for usefulness 
Other (please specify below) 
 
 
 
Factors contributing to co-production 
 
This section asks for your opinion on each of the following statements to do with the driving 
factors, incentives and barriers to co-producing future climate information with users. 
8. Please select one response only for each statement below 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
I believe that, if the intended goal of my 
work is to help users, the information I 
provide should be developed in conjunction 
with users. 
      
It is difficult to measure how useful 
information that I have provided to users 
has been for their decision-making. 
      
The institution I work in provides incentives       
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for me to co-produce projects with users. 
The funding agency for my work provides 
incentives for me to co-produce projects 
with users. 
      
I believe there are inadequate incentives 
within my institution to work with users to 
co-develop projects that provide usable 
information for users. 
      
The primary reason that I do not work with 
users to co-produce information is that it 
does not help to progress my career. 
      
Incentives focus on how many publications I 
produce, rather than on developing 
stakeholder relationships and working to 
provide user-focused outcomes. 
      
 
 
Homoclimes (also known as climate analogues or climate comparisons) 
 
This section asks questions about your level of familiarity with future climate information presented in 
a specific way. 
 
9. Are you familiar with the term "homoclimes" (also referred to as climate analogues or climate 
comparisons)? 
Yes 
No 
 
Homoclimes (or climate analogues or climate comparisons) give an indication of what the climate of a 
region could become like in future in comparison to the current climate in other regions (e.g. the 
future climate in Goulburn, Australia, could become more like the present climate in Mudgee, 
Australia).  
 
10. Have you seen any homoclimes that have been produced for your region? If so, do you know 
who produced them? 
Yes (please specify below who or what organisation produced them) 
No 
 
 
 
Types of climate information provided to users 
 
This section asks questions about the types of information that you provide or present to users. 
 
11. Do you present the information from these homoclimes to users? 
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Yes 
No 
 
12. Why or why not? 
 
 
 
13. What other kinds of future climate information do you provide or present to users? Choose as 
many as are applicable. 
Raw data (e.g. model output) 
Projections 
Projections worked into software - such as GIS layers and agricultural models 
Applied transformations of the data 
Information about changes to specific climatic variables 
Scenarios - including best and worst case and most likely 
Other (please specify below) 
 
 
14. Which types of climatic variables do you provide to users? 
Minimum temperature 
Maximum temperature 
Rainfall 
Humidity 
Maximum windspeed 
Evaporation 
Evapo-transpiration 
Light intensity (UV index) 
Soil moisture 
Other 
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Characteristics of climate information provided to users 
 
The questions that follow relate to the spatial and temporal scales at which you provide or present 
information to users.  
 
15. At what spatial scale(s) do you provide or present future climate information to users?  
Very local (e.g. over a farm site) 
Somewhat local (e.g. averaged over a specific locality) 
Regional (e.g. averaged over a region) 
Somewhat broad (e.g. averaged over several regions) 
Very broad (e.g. averaged over a state) 
Other 
 
 
16. At what spatial scale(s) do you think that users want that information? Choose as many as are 
applicable. 
Very local (e.g. over a farm site) 
Somewhat local (e.g. averaged over a specific locality) 
Regional (e.g. averaged over a region) 
Somewhat broad (e.g. averaged over several regions) 
Very broad (e.g. averaged over a state) 
Other 
Other (please specify)  
 
 
This section asks questions about how far into the future the information that you provide relates to. 
I.e. Whether it is about the climate in one year from now, 5 years from now, 20 years from now, and so 
on. 
 
17. Over what timeframe(s) do you provide or present future climate information to users? Choose 
as many as are applicable. 
1 to 5 years from now 
6 to 10 years from now 
11 to 15 years from now 
16 to 20 years from now 
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> 20 years from now (please specify below) 
Other (please specify below) 
 
 
18. Over what timeframe(s) do you think that users want that information? Choose as many as are 
applicable. 
1 to 5 years from now 
6 to 10 years from now 
11 to 15 years from now 
16 to 20 years from now 
> 20 years from now (please specify below) 
Other (please specify below) 
 
 
 
Useful scales and lead times for future climate information 
 
This section asks for your opinion on each of the following statements to do with how factors 
such as spatial scale, lead times for information, useful combinations of climatic variables, and 
the international context influence the usefulness of future climate information for users. 
 
19. Please select one response only for each statement below 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
Finer resolution future climate information 
is often not necessary to meet users' needs. 
      
Finer resolution projections tend to be 
perceived by users as being more 
trustworthy, because of the extra detail 
making them look more realistic. 
      
Finer resolution projections can sometimes 
create problems where expectations are not 
matched by the reality of the capabilities 
and uncertainties associated with the 
projections. 
      
The spatial scale of future climate 
information that I provide to users is about 
right for what they need. 
      
I aim to provide future climate information 
at spatial scales the size of regions. 
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I aim to provide future climate information 
at spatial scales of approximately 1km by 
1km. 
      
Users do not need more localised climate 
information about specific sites. 
      
The timeframe over which future climate 
information is provided is not meeting 
users' needs. 
      
When users are making decisions about the 
longer-term future (> 1 year), they only 
want broad climate information. 
      
General ideas about whether the climate is 
likely going to get hotter and drier or cooler 
and wetter (etc) are more useful to users 
than information about changes to specific 
climatic variables (e.g. whether it is going to 
get warmer by 2 degrees C). 
      
It is useful for users to know climate 
information for approximately 5 to 20 years 
in the future. 
      
 
 
Information needs for decision making 
 
This section asks for your opinion on each of the following statements to do with factors which 
affect the usefulness of future climate information to a user's decision-making. 
 
20. Please select one response only for each statement below 
 
 
Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
Agree 
Unsure 
Users do not necessarily know the most 
appropriate available type of climate 
information for their needs. 
      
The types of future climate information that 
I provide to users are meeting their needs. 
      
It is important to me that I provide future 
climate information to users in context of 
other decision-making factors, such as 
financial impact or changes in the wider 
sector. 
      
Future climate information needs to be 
more accurate before it could be useful to 
users' decision-making about adapting 
practices to climate change. 
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Your background and involvement in the sector 
 
The main body of questions are now concluded, and the remaining questions are demographics to help 
us better understand your situation. We would be grateful if you would please take the extra few 
minutes to answer these questions. 
 
21. Are you male or female? 
Male 
Female 
 
22. In what country do you primarily reside? 
Australia 
The United States 
Other (please specify below) 
 
 
23. What is your postcode/zip code? 
 
 
24. What is your primary occupation? Choose only one. 
Climate scientist 
Other (please specify below) 
 
 
25. What level are you at in your organisation? 
PhD student 
Post-doc 
Lecturer 
Associate Professor 
Professor 
Researcher 
Senior Researcher 
Other (please specify below) 
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26. How long have you been involved in climate science? 
 
 
27. What was your previous occupation, if any? Choose only one. If more than one answer is 
relevant, please choose the most relevant answer; alternatively, please choose "other" and specify 
your previous occupation in the box below. 
Scientist 
Researcher 
Teacher 
Government employee 
Consultant 
Other (please specify below) 
 
 
28. To which age group do you belong? 
15 - 19 
20 - 24 
25 - 29 
30 - 34 
35 - 39 
40 - 44 
45 - 49 
50 - 54 
55 - 59 
60 - 64 
65 and over 
 
29. What is the highest level of education that you have achieved? 
Primary school/Elementary school 
Fourth year of high school (Year 10) 
Sixth year of High School (Year 12) 
Diploma or trade certificate (post year 10 or 12) 
University/College (undergraduate) degree 
Postgraduate degree 
Other (please specify below) 
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Thank you! 
 
Thank you for taking the time to complete this survey. Your responses will remain anonymous. If you 
wish to receive a copy of the survey results, please leave your details (name and email address) below. 
These details will only be used for the purpose of communicating the results of the survey to you. 
 
If you have any comments or questions about the survey, please email  
 
surveyclimateinfoproviders2013@gmail.com 
 
30. Would you like to receive a copy of the survey results? 
Yes (please leave details in comment box below) 
No 
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Follow-up viticulture survey 
 
Viticulture survey 
 
This survey is for people involved in viticulture in the Canberra District. It is designed to 
follow on from interviews and a survey conducted in the viticulture sector over the 
past two years. Please note that you do not need to have participated in the previous 
research to complete this survey. This survey asks questions about whether providers 
of information about future climate have consulted you as to your climate information 
needs. It also asks about the spatial and temporal scales over which you would find 
future climate information useful in your decision-making. 
 
The survey is expected to take approximately 10-15 minutes to complete. Participation 
in the survey is voluntary and responses will remain anonymous. The results of the 
survey will be used as specified in the survey information sheet which has been sent to 
you. 
 
If you have any questions before you begin, you can contact Miriam Dunn on 0423 302 
860 or by email at miriam.dunn@anu.edu.au 
______________________________________________________________________ 
 
This section contains questions about whether providers of future climate 
information have consulted you as to your needs. 
 
For each question, unless otherwise stated, please CIRCLE your response(s). 
 
Question 1.  
 
Have you ever been consulted about the kinds of future climate information you want 
for your decision making in viticulture by a provider of climate information who wants 
to design a project which would address your needs? 
 
Yes 
 
No 
 
Unsure 
 
Question 2.  
 
If so, at what stage in the process did they discuss it with you? 
Choose only one option. (If consultation has happened on more than one occasion and 
at different stages, choose the most common.) 
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My information needs are (or have been) discussed with me: 
 
When the project was being developed 
 
From the development stage of a project and continuing into later stages 
 
At later stages in a project 
Never – I have not been approached about my information needs 
 
I'm not sure 
 
Other (please specify below) 
 
 
 
 
 
Question 3.  
 
To what extent do you feel that providers of climate information are effectively 
working with people involved in viticulture to understand your climate information 
needs and to develop information or products that will meet your needs? 
 
Not at all 
 
Not very much 
 
Neutral 
 
Somewhat 
 
Very much 
 
Unsure 
 
Question 4.  
 
Which of the following factors affect or would affect whether you choose to work with 
people who provide climate information when they are trying to develop products for 
you? Choose as many as are applicable. 
 
Whether or not it is useful to my business 
 
Whether or not there are institutional incentives 
 
Whether or not there are personal and professional rewards 
 
Whether or not there are financial incentives 
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The amount of time and effort it takes to build relationships with the providers of the 
information and for them to understand my needs 
 
The amount of time and effort it takes for providers of climate information to create a 
product I need 
 
The different timeframes that are expected – for example, I might need the 
information over shorter time frames than it can be produced by the providers 
 
The attitude of some of the people who provide climate information 
 
Other (please specify below) 
 
 
 
 
 
Question 5.  
 
Which of the following factors affect whether or not you receive the kinds of climate 
information that you want? Choose as many as are applicable. 
 
Whether Providers of climate information understand my needs 
 
Whether I know where to find the information 
 
Whether there is enough fine detail climate information for my particular area 
 
Uncertainty of the climate information 
 
Whether the climate information is provided in context of other decision making 
factors, like financial impact 
 
Other (please specify below) 
 
 
 
 
 
Question 6.  
 
How do you think the factors you identified in question 5 could be overcome? 
Choose as many as are applicable. 
 
Open and honest dialogue between providers of climate information and viticulturists 
from the beginning of projects 
 
Climate information being provided in the context of other decision making factors 
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Future climate information being provided in the form of general scenarios of climate 
that are likely for my region, rather than specifics, so that I can integrate them into 
robust risk management strategies 
 
Other (please specify below) 
 
 
 
This section contains questions about the spatial and temporal scales over which you 
would find future climate information useful in your decision-making. There are 
three questions that ask you to draw your response on the graphs provided. 
 
Question 7.  
Information about the likely future climate is often presented as possible "scenarios" 
that give an idea of the likely changes to temperature, rainfall and other climate 
variables over a particular area for a time period in the future (e.g. 20 years from now). 
How useful would a scenario of the likely climate of your region be for each of the 
future time periods in the graph below (e.g. 10 years from now, 50 years from now)? 
 
For this question you are asked to draw crosses on the graph below to indicate how 
useful it would be for you to receive climate scenario information about each future 
time.  
 
 
KEY: 
Level 0 = not at all useful.  
Level 1 = not very useful. 
Level 2 = neutral. 
Level 3 = somewhat useful. 
Level 4 = very useful. 
 
 
If you have any additional comments, please write them in the comment box. 
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Question 8.  
Typically, the future climate "scenarios" described in the previous question provide 
average information over areas that are 300 km x 300 km. Recently, climate modellers 
have worked on reducing the size of these areas; the smallest areas are approximately 
0.5 km x 0.5 km. This question asks you to draw crosses on the graph below to indicate 
how useful it would be for you to receive future climate information for each of the 
spatial scales given. 
 
KEY: 
Level 0 = not at all useful.  
Level 1 = not very useful. 
Level 2 = neutral. 
Level 3 = somewhat useful. 
Level 4 = very useful. 
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If you have any additional comments, please write them in the comment box. 
 
 
 
 
Question 9.  
This question asks you to indicate at which spatial scale it would be MOST useful for 
you to receive future climate information for each time period in the future. Place ONE 
cross (X) in the box showing for each time period which spatial scale would be MOST 
useful. 
 
If you think that some of them are not useful at all, leave that time period blank. 
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If you have any additional comments, please write them in the comment box.  
 
 
 
 
 
Question 10. 
Is there anything else that you would like to add? If so, please write it in the 
comment box. 
 
 
 
 
 
 
 
 
 
 
 
THANK YOU! 
 
Thank you for taking the time to complete this survey. Your responses will remain 
anonymous. If you wish to receive a copy of the survey results, please leave your 
details (name and email address) below. These details will only be used for the 
purpose of communicating the results of the survey to you. 
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If you have any comments or questions about the survey, please email 
miriam.dunn@anu.edu.au 
 
Would you like to receive a copy of the survey results? Please circle your response 
below. 
 
Yes (please leave your contact details in the comment box below) 
 
No 
 
Contact details 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
